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ABSTRACT

Methane constitutes a minor part in entire greenhouses emission, nevertheless its global warming potential
1s 20-30 times higher than carbon dioxide. Moreover, methane production and emission increases with
eutrophication, and it has been demonstrated to serve as a carbon source for pelagic food webs. The
methane oxidising bacteria (MOB) are the only group, which is able to utilize methane, as their sole source
of carbon and energy and make a link between methane producers and higher food chain levels. However,
the environmental controls of this alternative carbon source for plankton community in lakes with different
trophic statuses are still poorly understood. Here we evaluated differences in fluxes of CH4 and its
potential as a carbon source for zooplankton in relation to the trophy state of two lakes. For this purpose two
morphologically similar lakes with different trophy levels were investigated to determine methane efflux as
well as zooplankton community structure and carbon stable isotope ratios in order to determine sources
(*C/"2C). The results revealed that C-CH, is incorporated into zooplankton through MOB community.
Based on literature C-CHy4 has lower share of total carbon built into zooplankton in environments with
higher trophy. However, our result showed that this process is more sophisticated and depends on food
selectivity and vertical distribution of zooplankton members.

This research was funded by National Science Centre in Poland, project no. UMO-2015-18/M/NZ8/00119.

1. INTRODUCTION zones of lakes. Due to the vertical migration, seeking food

In lakes large quantities of organic matter are degraded in deeper water layers may be advantageous especially

under anaerobic conditions through methanogenesis, what
30-80% of the
mineralisation!"). The produced methane volume strictly
depends on the trophic state of the lake and increases in
higher trophy"”l. A large proportion of the methane

when zooplankton is forced to seek refuge from fish
predation in deeper and dark water layers. However, the
significance of methane-derived carbon to potential

contributes anaerobic  carbon

consumers under these conditions is largely unknown.
Moreover, interactions in the food web, which influence
on methane-carbon transfer are also little recognized. Thus,
the aim of the study was to test hypothesis that C-CH4 may
consist a significant part in zooplankton food resources,

diffusing from the deep water layers can be utilized by
methane-oxidizing bacteria (MOB)®!. This is small but
important group of bacteria that use CH4 as their sole

source of carbon and electrons. However, MOB need also
oxygen as coreactant in the oxygenase reaction and as
electron acceptor. Thus, their  highest abundance
occurres at the interface between anaerobic and oxygen
zone. This bacterial biomass is available to zooplankton
and protozoans. Although, MOB constitute ca. 3% of total
bacteria, recent studies demonstrated that they may be an
Their

increases with a limited amount of

important component of zooplankton diet.
significance
phytoplankton'®. Further, the ability of zooplankton to

exploit bacterial resources is not limited to the euphotic

and this is more depend on food selectivity and vertical
distribution than on lake trophy.

2. METHOD

The study was carried out in two lakes with similar
morphology, yet different trophy: Lagowskie Lake and
Lodzko-Dymaczewskie Lake, located in Western Poland.
Sampling and field measurements were conducted every
deepest place. Total phosphorus
concentration was made according to standard methods'™.
Chlorophyll a concentration was determined by extraction

month in the
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with boiled ethanol, with a correction on pheophytin a.
Aqueous concentrations of CO, and CH4 were collected
by headspace analyzed by gas
chromatography. Water samples to MOB quantity analysis
were taken from surface layer, aerobic-anaerobic interface
and above bottom sediments. The MOB quantity was
analyzed by real-time qPCR method. Zooplankton
samples were collected from the same depth as MOB. 20
liters of water was filtered through 30u, 100p and 250pum
mesh to separate the different size fractions. Then,
individuals were selected and grouped under dissecting
microscope. Values of isotopic carbon composition are
expressed as conventional §13C%o notation (relative to
international standard Pee-Dee Belemnite). The trophic
conditions were estimated using the trophic state index
(TSI) described by Carlson[6]. The classes of trophy were
established as mean value of all TSI indexes (total
phosphorus - TSlItp, chlorophyll a concentration - TSIcpa,
Secchi disk visibility - TSIgp).

method and

3. RESULTS

The average TSI index value in Lodzko-Dymaczewskie
Lake was 64, which confirmed the lake’s strong eutrophy
(Fig. 1). The TSItp < TSlIcpa = TSlgp relationship means
that TP was limiting factor for algae development.
However, chlorophyll a concentration at 55 pg dm”
indicated strong phytoplankton bloom. TSI in Lagowskie
lake (Fig. 2) indicate mesotrophy level (average TSI =49).
The opposite relation to Lodzko-Dymaczewskie Lake
TSItp > TSI, = TSlgp signalized that limiting factor for
phytoplankton is other than TP, e.g. zooplankton pressure.
At the same time chlorophyll concentration in lake was
low (3 pg dm™).

BTSkmean WTSEFTP ®TSHChia = TSH50

Fig. 1. Trophic state of Lodzko-Dymaczewskie Lake
based on particular indexes

The "“C
throughout the summers 2016 and 2017 and the mean
values for the crustacean community are given on Fig. 3.

signature of zooplankton was assessed
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Fig. 2. Trophic state of Lagowske Lake based on
particular indexes

The 6"°C%o were much lower in Lodzko-Dymaczewskie

lake in comparison to lake Lagowskie. However there was
a clear tendency towards lower values at deeper water
layers. This pattern is correlated to the vertical methane
concentrations (Fig. 4) which reaches highest values in
hypolimnion of Lagowskie Lake
hypolimnion of Lodzko-Dymaczewskie Lake.
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Fig. 3. The " C%, signature of zooplankton on different
level in Lagowskie and Lodzko-Dymaczewskie lakes

4. DISCUSSION

Transfer of carbon from CHy to higher trophic levels is
mediated by methane oxidizing bacteria that are abundant
at the water-sediments interface as well as in the suboxic
hypolimnetic waters. The importance of this carbon source
may depend on the prevailing biogenic gas production and
emission pathway (diffusion or ebullition), on the activity
and abundance of MOB, on the vertical distribution and
grazing rates of zooplankton as well as their ability to

exploit bacteria”,

The importance of CH,4 for carbon budget in aquatic food
chain strongly depended on the MOB abundance in the



lake. The abundance and activity of MOB is regulated by

the availability and concentrations of CH4 and O, at the

sediments interface and in the water column™. In
consequence, the highest MOB concentrations were found

in the middle level with oxycline and in the deepest water

level.
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Fig. 4. Vertical profile of methane concentrations in the
studied lakes

Methane oxidizing bacteria vary in size from 0.5 to 1.5 pm
thus the importance of MOB food (and C-CH,) for pelagic
grazers may depend on their ability to efficiently exploit
small sized particles. It was shown before that Daphnia sp.
can efficiently graze on MOB community™. Therefore,
larger zooplankton species, seeking refuge from predation
in the dark hypolimnetic waters may gain additional
energy feeding on more abundant MOB food.

5. CONCLUSION

The results revealed that C-CH, is incorporated into
zooplankton body as result MOB consuming. However,
the proportion of MOB in the zooplankton diet, expressed
as lower values of 8'C%, is not always negatively
correlated with the water trophy. These values are more
related to vertical distribution of zooplankton. Deeper
water layers in eutrophic lakes are characterized by a
higher concentration of MOB, and simultaneously they
play role as a shelter for zooplankton. Thus, zooplankton
members staying at this layer may consume more MOB
due to poor phytoplankton food base.
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ABSTRACT

Carbon dioxide (CO») is one of the greenhouse gas known to be the main driving factor of global warming;
however, the role of the coastal ecosystem on global CO» fluxes remains unclear due to lack of adequate
data. With an objective to bridge this knowledge gap, an estimation of CO» flux was made analyzing the 19
years data (1999-2018) from 30 sampling locations covering entire Chilika Lake, India. ANOVA test
revealed a significant variation of COz flux with respect to regions as well as seasons. The overall positive
value of CO> flux indicates Chilika Lake acts as a source of COz to the atmosphere. The northern region
(NR) recorded highest release of CO», followed by the inlet (IR), central (CR) and southern region (SR). A
significant relationship between apparent oxygen utilization (AOU) and excess DIC (dissolved inorganic
carbon) in the NR indicates biological respiration is the major factor for rapid ventilation of CO; to the
atmosphere. The sink of CO> and minimal C source in the SR could be attributed to the presence of seagrass
bed and dominate primary productivity. The C estimation from this long-term data set (8.27x10° PgC Y)
indicates, Chilika contributes ~ 0.0019%C to global C emission to the atmosphere. The trend obtained
through 19 years of monthly data indicated a significant annual increase of pCO> (patm) and CO; flux (mmol
m~>d ") which are 1.57 & 0.048 respectively. At the same time, a significant decrease in pH @ 0.0006/year

was observed which supports the phenomena.

1. INTRODUCTION

Nowadays global warming is a major concern. The
increasing level of greenhouse gases such as CO2, CH4,
N20, etc. are mostly responsible for the same. CO», being
a major greenhouse gas and its impact on the
biogeochemistry of coastal ecosystems, has drawn
attention all over the world -2, Lakes cover less than 2 %
of the continent’s surface but play a significant role in the
global carbon cycle contributing significantly to C burial
and emissions to the atmosphere. The lakes transform,
store and exchange carbon with the atmosphere and
considered frequently to be net heterotrophic as it
promotes the emission of CO> to the atmosphere. Many
studies have found that nearly 90% of the lakes are
supersaturated with CO2 with a net diffusion of CO2 from
surface waters®. Many pieces of evidence suggest that
CO; supersaturation in lakes as the result of biological and
abiotic in-lake processing of allochthonous organic matter.

Despite the importance of the above global issue, there is
lack of studies on carbon biogeochemistry in Indian
ecosystems except few (Hoogly estuary™; Godavari
estuaryPl). Asia’s largest brackish water lake and the first
Ramsar site of India, Chilika Lake has been studied in this
aspects only twice (2],
understanding of the ecosystem functioning of the lake,
long-term time series data would be helpful. Hence in

However, to have a better
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order to reveal the carbon dynamics, analysis of long-term
time series data from (1999 to 2018) by Chilika
Development Authority, Odisha, India was carried out.
This study focused on following objectives: 1)
Estimation of CO2 flux during last 19 years with respect
to global C flux, ii) Understanding the controlling factors
of CO2 dynamics in Chilika Lake

2. METHOD

30 stations spread over the entire lake and the inlet channel
were sampled on monthly basis during March 1999 to
March 2018 (Fig.1). Sub-surface water samples were
collected and in situ measurements were done for basic
water quality parameters such as water temperature, pH,
salinity, wind flow, depth and transparency. Dissolved
oxygen (DO) measured following the modified Winkler's
method. Total alkalinity (TA) measured using titration
method. The pCO7 was computed using measured salinity,
temperature, nutrients (phosphate, silicate), pH and
alkalinity using dissociation constants derived by Cai and
Wang (1998) with a precision of 9-13 patm[’l. Since
Chilika maintains salinity range of 0 to 36 and the water
temperature in the range of 20-35°C during the study
period, Cai and Wang!”! was preferred over Millero!® while
computing pCO2 using CO2 SYS.XLS (version 14). CO2
was calculated as a difference of pCO; of water and air (],
The data for atmospheric pCO; for dry air for the period



of 1999 to 2012 obtained from WDCGG (World data
centre for greenhouse gases) and the data of 2013 to 2018
from ESRL (GMD). The average was corrected for water
vapour using the algorithms [, For seasonal comparison,
all the 30 stations data from May, September and
December (during 1999 to 2018) were considered as
summer, monsoon and winter. In order to compare the data
with respect to regions SR, CR, NR and IR, stations 8,17,
2 and 28 were considered.

Fig. 1 Sampling map of Chilika Lake

3. RESULTS

The Chilika Lake recorded depth between 0.27 to 7.48 m
with an average of 1.78 + 0.93m didn’t vary
significantly throughout the study period. Higher
depth mostly recorded in the IR followed by SR, CR and
NR. The salinity ranged between 0 and 36 with an avg.
11.17 + 9.20. Like other tropical coastal ecosystems, the
salinity recorded minimum during monsoon due to the
mixing of fresh water through riverine discharge and the
level goes highest during peak summer when mixing of
seawater through the Bay of Bengal becomes dominant. IR
records the maximum salinity followed by SR (connected
to the bay of Bengal through Rusikulya estuary), CR and
NR (dominated with fresh water discharge from Mahanadi
tributaries). There is no significant variation of salinity
since last 19 years in the Chilika Lake.

The DO ranged between 0.3 and 14.69 with an avg.7.23
+ 1.67 mg lit"!. Very low DO <4 only recorded at st-17
which could be due to decomposition of freshwater
macrophytes. The average alkalinity of 113.98+34.37 mg
lit"! indicates the Lake maintains alkaline nature, however;
it varies between 20.4 to 304 mg lit"! according to the
season and regions. The pH during the study period was
ranged between 6 and 10.4 with an avg. of 8.24+0.53. The
results of the pCO2 and FCO; with respect to stations and
seasons with a standard error bar has been shown in the
Fig.2.
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Fig. 2 Spatio-temporal variability of pCO2 and FCO2

4. DISCUSSION

The pCO> showed a pronounced gradient between the
seasons. pCO2 during summer was as high as 855.63 patm,
followed by monsoon (751.17 patm) and winter (520.24
patm). ANOVA test showed a very significant variation
with respect to the season (n=1578, p=0.002). The
observed values were quite lower than that observed in
other Indian ecosystems such as in Mandovi—Zuari
estuarine systems (monsoon: 2,250 patm, non-monsoon:

2,600 patm!® but are near to the range as observed in the
mangrove creeks of Godavari estuary (500— 6,500 patm)[],
The Chilika Lake also experienced significant variation in
pCO2 with respect to different regions (n=1578, p=0.002).

The NR recorded the highest followed by CR, SR and IR.
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Fig. 3 Monthly variation of pH and FCO: in Chilika

The signature of summer, monsoon and winter are mostly
found in May, September and December. Hence pulling
together all the data of these months during the last 19
years, it was found that during summer and monsoon
~55% and in winter there was 71% occurrence of ‘—‘ve
CO» flux. This evidence that there are more chances of a
sink of COz during winter but rest of the seasons there is
almost equal chances of source and sink of CO5. Similarly,
region wise data showed that the NR mostly results in the
source of CO2 (<40% ‘-’ve CO2) and rest of the regions
dominates sink of COz (69%, 66% and 65% for CR, SR
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and IR respectively).

Out of 6870 values of calculated CO; flux (monthly data
of 19 years from 30stations), 65% values were the negative
indicating majority of the time the Chilika Lake behaves
as a sink of CO». Rest 35% of data were positive indicates
the source of COx to the atmosphere. The mean of all the
negative and positive values of CO2 flux is -6.8 and 32.3
mmol m? day!. Although the occurrence of the sink was
higher than that of the source, the quantity of CO2 sink
was relatively less than the CO; source. Hence, overall the
Chilika behaves as a source of CO2 to the atmosphere
contributing to the global warming.

Station averaged (30 sampling stations) monthly data of
last 19 years data showed a gradual significant increasing
trend of pCO; and CO; flux with respect to time @0.1311
p atm/month and 0.004/month respectively (Fig.3). pH
showed an opposite trend (decreasing) @5x10/month.
This phenomenon could be the indication of acidification
(though very minimal) and the impact of climate change
(increasing C flux to the atmosphere) (Fig.3).

In order to compare with global carbon source and sink,
the conversion of mmol m2d-! to PgCyr!' done considering
the average surface area of 1000km? (summer: 850 km? to
monsoon: 1150 km??]). As per Richey et al. (2002)!'], the
global C emission is 0.9 PgCyr! and as per Borges
(2005)1)] the carbon emission from global estuaries are
0.43 PgCyr!'. The mean CQO; flux from Chilika Lake
during last 19years calculated as 8.27x10° PgCyr™' (1.888
mmol C m2d!) which is 0.0009% of the global carbon
emission and 0.0019% of the emission from global
estuaries (Chilika acts as an estuarine ecosystem as it is
connected to the sea through a narrow mouth as well as a
riverine system).

The net CO; efflux, in the NR (39.311 x10-* GgC d-1) was
higher by 4 times than that observed in other regions
(9.999 x103 GgC d-1) of the Chilika Lake (Fig.2). A
significant relationship between AOU and excess DIC in
the NR indicates the biological respiration is the major
factor for rapid ventilation of CO; to the atmosphere. The
lowest flux in the SR could be attributed to lower bacterial
respiration and higher primary production which utilizes
the CO2 [®), Apart from this, most of the seagrasses in the
Chilika Lake also covered in the SR and CR which could
have also resulted in a significant sink of COa.
Abnormally high pCO> (<10,000atm) and CO> flux
recorded in the NR could be due to very low pH (<7)
recorded in the NR due mixing of fresh water of low pH.

Excess DIC did not show any significant correlation with
salinity indicates release of COz not only confined to the
freshwater region but throughout the salinity gradient
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recorded in Chilika Lake. Multi dimensional scale (MDS)
showed two groups of the sampling stations. The first
group includes the stations in the SR (most of the seagrass
bed) and IR whereas, the rest of the stations from CR &
NR (usually dominated with submerged macrophytes)
formed the other group. This indicates the impact of
submerged vegetation (macrophytes and seagrass) on the
CO; flux in Chilika Lake.

5. CONCLUSION

The long-term monitoring of water quality is vital for
understanding the ecosystem functioning. 19 years of
monthly data revealed a significant rate of decrease of pH
(0.0006/year) and an increase of CO; flux in the Chilika
Lake which could be due to the impact of climate change
on the ecosystem. The C estimation from this long-term
data set indicates, in global perspective, the Chilika Lake
contribute ~ 0.0019% C to global estuarine C emission to
the atmosphere. Mineralisation of organic carbon, primary
productivity and submerged vegetation are the controlling
factors CO» flux in Chilika Lake. However, for accurate
budget estimation, further study needs be focused on
estimation of C flux with respect to seagrass bed,
submerged, emerged and floating vegetation in Chilika
Lake.
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ABSTRACT

Lake Kasumigaura, Teganuma and Inbanuma are lakes located in an area with the same meteorological conditions,total

catchment areas are with a radius about 30 km?. Lake Kasumigaura is a symbol of Tsuchiura City, the second largest
lake in Japan. On the other hand, Lake Teganuma and Inbanuma are located in Chiba Prefecture and are used as a place
for people’s relaxation. Moreover, it is used as drinking water in Lake Inbanuma and important water resource for people.

Although they are independent lakes, and external factors are influenced to fluctuations COD, but the annual values of
COD are similar to over the years. Therefore, in this study, we analyzed COD fluctuation for Lake Kasumigaura and
Teganuma that have 1 hour COD data. As aresult, clear variations in COD fluctuations are found, indicating that the
COD is fluctuating due to external factors. It is necessary to consider the fluctuation of COD value due to external factors

in analyzing the water quality influenced by dredging and purification water guidance conducted in the lake.

1. INTRODUCTION

After the war ,
households were discharging into public water in Japan.

wastewater from factories and

As a result, the water quality of public water were dirty
and caused people’s health problem. In 1986, when a
water quality standard were enacted as a water pollution
prevention law, 11 lakes in Japan are chosen as water
quality natural lakes. Field observation, and numerical
analysis, investigation and research have been conducted
for many years in order to find out comprehensive and
systematic water quality conservation measures in these
lakes. However, environmental standard such as the
Oxygen Demand(COD) and Biochemical

Oxygen Demand(BOD) of river used as an organic

Chemical

pollution indicator in public water are lower than that of
sea and river). Figure 1 shows the location map of Lake
Teganuma , Kasumigaura and Inbanuma (hereinafter
referred to as 3 lakes) which are the objects of this study.
The catchment area of 3 lakes is within a radius of 30 km
and is located in an area with similar weather condition.
Table 1 shows parameters of 3 lakes. The average depth
of Lake Kasumigaura is 4.0 m deep and about 4 times
deeper than Teganuma, the catchment area is about 17
times larger than the Teganuma and Inbanuma. 3 lakes
pollution has become a problem since the late 1900s, and
we have been working on water quality improvement for
many years. InLake Teganuma, the COD value was high
during 27 consecutive years from 1974 to 2001 and it was
the worst in Japan. By the operation of the Kita-Chiba
headrace tunnel, the water quality were improved about
half of the 1990’s. However, it still showed high COD
value compared with others. Figure 2 shows the

Table 1 Parameters of Teganuma - Kasumigaura - Inbanuma

Average depth | Basin Basin
Area |Lake volume .
, , (Max depth) | area population
kmT | lkm’] .

[m] (km?] [people]
Kasumigaura | 172.0 | 850 million 4.0(7.0) 2156.7 970,000
Teganuma 6.5 | 190 million 0.8(3.8) 1439 510,000
Inbanuma | 115 | 50 million 1.7(25) 4939 780,000

Lake Kasumigaura
(Kitaura)

Lake Kasumigaura
(Nishiura)

Tone River

R

Lake Teganuma

Lake Inbanuma

iy

AB00gke Eurth

Figure 1 The location map of Lake Teganuma - Kasumigaura
- Inbanuma

change over the years of COD in 3 lakes. The figure is
important at the beginning of this research. The change
over the years of COD are similar for 20 years until the
operation of Kita-Chiba headrace tunnel is started in April
2000. Ingeneral, COD fluctuation factors can be divided
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Kita-Chiba Lead Conduit

én 20 The start of operation
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©
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Figure 2 The change over the years of COD in 3
Lakes(Inbanuma:Jyousuidousyusuigutisita ,

Teganuma: Teganumachuo, Kasumigaura:mean of Kosin -
Asouoki - Kakeumaoki - Tamatukurioki)

into internal factors that organic matter is generated by
plankton in the lakes and external factors due to pollutant
loads discharged from outside the lakes. From the above,

3 lakes are an independent lake, it is considered that
COD
many studies aimed at

factors have influenced the

So far,
elucidating water quality variation characteristics

external
fluctuation .

for each lake have been done, but in order to grasp
water quality variation due to external factors for
multiple lakes have not yet. In thisstudy, we will
concentrate on external factors such as weather,
focusing on the relationship between rainfall and
water quality variation.

2. RESULTS
2.1 COD fluctuation after rain

The water quality date of Lake Kasumigaura
and Teganuma (hereinafter referred to as 2 lakes)
was observed at a water quality automatic

observation station (Teganuma:Teganumachuo,

Kasumigaura:Kosin) managed by the Ministry of
And, the
rainfall of 2 lakes were observed at ground rain

Land infrastructure and Transport .

gauge (Teganuma:Abiko, Kasumigaura:mean of
Tutiura - Tukuba -
managed by the Japan Meteorological Agency. 2

Simotuma - Kakioka - Minori)

lakes COD fluctuation were observed within 3
days after observing rainfall intensity 10 mm/h.
At this study is defined that increase or decrease
of COD is increased or decreased by 3 mg/L or more
from monthly average COD value in each year.
The reason for choosing 3 mg/L or more is that the
daily variation of COD in the two lakes is mostly
distributed from 1 mg/L to 3 mg/L. The reason for
setting it to 10 mm/h or more was set with
reference to the value of 10 mm/h to 20 mm/h,
which is defined as a slightly strong rain in the
Japan Meteorological Agency. As a result, there
were 77 cases of rain events that recorded rainfall
intensity of 10 mm/h or more during 1997 to 2011
in Lake Kasumigaura, 15 cases which the COD
increased after rainfall, and 1 case was decreased.
The other hand, in Lake Teganuma, there were 88
cases of rain events that recorded rainfall intensity
of 10 mm/h or more during 2002 to 2014, 17 cases
in which the COD increased after rainfall, and 5
cases was decreased.

2.2 The similarity of daily average COD

Changing of average COD value is illustrated for
the purpose of checking the trend of COD
fluctuation. Figure 3 shows 15 day moving average (7
days before and after) of daily average COD in 2 Lakes.
In this study moving average of 7, 15, 60, 180, 360 days
is showed. Inthis paper, we describe the 15-day moving
average that is the shortest number of days even though
similarities are found in the fluctuation of moving average
in 2 Lakes. The similarities of COD fluctuations in 2 Lakes
are seen from 2004 to 2009 and, The peak of COD value

14, T |
12: - -

—

Daily average
COD[mg/1l]

S Tlepanulma l?l; ds}'s‘mnvillm average ?ﬂn’ﬁid.n“bunlm and after]

0
8
6
4
4
0

2000 2005

2015 Timeslyear]

Figure 3 15 day moving average of daily average COD (7 days before and after)

372



Daily average

T ’..‘ Tl WML Y 1' T TT ‘T" 1 ]r ; 0
[T Tt
5E
) 25
12 2004 -
10} 1
= 8fp
%b .
= 6
S

= Knsumignura 15 days nsoving average OO ders s sl s

0 * Teganuma 15 daye 11...-;.-"., pvern e COIN deps bt _...15..... 7
1/5 5/24 10/11

Times|year]

Figure 4 15 day moving average (7 days before and after)
of daily average COD in 2 Lakes and rainfall (Lake
Kasumigaura: Tutiura)

in Kasumigaura can be seen at an earlier time in Teganuma.

Figure 4 shows the 15 day moving average of daily
average COD value when the similarity of the COD
fluctuation was most characteristically observed in 2
Lakes and rainfall at Lake Kasumigaura. The peak of COD
value in Teganuma can be seen about 1 month after the
peak of daily average COD in Lake Kasumigaura.

3. Consideration

3.1 Regarding COD increase/decrease after rain

There are two reasons why COD increases after
rain with rainfall intensity of 10 mm/h or more.
The first is that the COD increases as COD of
outside water is higher than the COD of inside the
lake flows the lake. The second is that plankton,
which is an internal factor of COD increase,
increases COD by ingesting and propagating
substances flowing from the outside of the lake.
On the other hand, there are two possible reasons
why COD decreases after rain. The first is that the
COD decreases as the lake water is diluted.
Secondly, the COD isreduced by the influent from
the outside of the lake extruding the water staying
inside the lake to the downstream. About 20 % of
all cases in 2 Lakes COD increases after rain with
rainfall intensity of 10 mm/h or more. On the other
hand, the decreasesin COD are less than 10 % of

all cases. In contrast to showing that COD

[rejurey
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increases after rain with a rainfall intensity of 10
mm/h or more, as a reason for not showing a
decrease in COD, the amount of water diluted or
spilled out to the lake was shortage.

3.2 The similarity of COD fluctuations

The fact that the peak of the moving average of
daily average COD value in 2 Lakes was observed
at almost the same time can be thought to be an
increase in COD due to external factors. From this
it can be said that it is necessary to consider the
COD fluctuation due to external factors caused by
climate change in improving water quality such as

dredging and vegetation purification in the lake.

4. Conclusion

(1)The COD increased by 3 mg/L or more within 3
days after rain with rainfall intensity of 10 mm/h
or more in the 2 Lakes. On the other hand, it was
shown that COD does not decrease more than 3
mg/L within 3 days after rainfall.

(2)The peak of the 15 day moving average of the
daily average COD in 2 Lakes is seen almost at the
same time and the peak of Lake Teganuma can be
seen about 1month after the peak of Lake

Kasumigaura.
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ABSTRACT
Information pertaining to temporal and spatial variations in nutrients concentrations in the surface sediments of the
Songkhla Lagoon system is limited. Therefore this study aimed to examine the proportion of silt and clay and total
carbon, nitrogen and phosphorous concentrations in the surface sediments from the windward and leeward sites of Thale
Sap and Thale Sap Songkhla in the Songkhla Lagoon system between August 2017 and March 2018. Samples taken
from leeward shores exhibited significantly higher proportion of silt and clay. The sediments of Thale Sap were
characterized by higher concentrations of carbon and nitrogen, owing to the colonization of aquatic macrophytes within
this lake. The phosphorous concentrations were relatively high in the sediments of Thale Sap Songkhla, owing to the
proximity of this lake to discharge sources such as urbanization, industries, and human settlements. The sediments of
Thale Sap had a relatively higher molar C:N:P ratios (437:43:1) than that of the sediments of Thale Sap Songkhla

(233:23:1).

1. INTRODUCTION

Coastal Lagoons are transitional zones located between
fresh- and salt-water nvironments and, have high
ecological and socio-economic values. The Songkhla
Lagoon system in southern Thailand is a shallow and
well-oxidized tropical coastal lagoon that supports
fisheries for shrimp, crab, and various fish species,
including intensive aquaculture of barramundi (Lates
calcarifer). As other coastal lagoons, the Songkhla
Lagoon system is also subject to strong anthropogenic
pressure associated with urbanization, industrialization,
artisanal fishing, and recreation®. In 2005, a study
reported evidence of eutrophication in the Thale Luang
and Thale Sap lakes of the lagoon system(3); however,
this study was limited to estimating chlorophyll «
concentrations, with no information regarding excess
nutrient concentrations.

Due to the shallowness of the Songkhla
Lagoon, wind direction and velocity can force the
sediments to be resuspended, redistributed, and
redeposited within the system. During these processes,
the coupling nutrients in the overlying waters along
with microbial-mediated nutrients, the associated pore
water, organic detritus, and inorganic particles
associated with geochemical processes are also released
within the system”. Studies investigating nutrient
concentrations within the lagoon system are critical to
discerning changes in the biological behavior of the
lagoon; however, such information concerning the
distribution and retention of sediment nutrients in the
Songkhla Lagoon is currently lacking.

The objectives of this study are to 1)
characterize the temporal and spatial patterns in the
nutrient (C, N, and P) concentration and 2) analyze the
relationships among C, N, and P concentrations in the
surface sediments of the Songkhla Lagoon system. To
my knowledge, this study is the first to report the
temporal and spatial patterns in the nutrient
concentration in the sediments of the Songkhla Lagoon
system. The results of this study will aid in the broader
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understanding of the fate of nutrients within this lagoon
system.

2. MATERIALS AND METHODS

Study sites

The Songkhla Lagoon system, also known as Lake
Songkhla (ASI-02)", is a large shallow water body
located on the east coast of Thai’s Peninsula in southern
Thailand situated between 7° 08'N and 7° 48'N and
between 100° 07'E and 100° 35’E. The lagoon system
covers approximately 1,082 km® comprises four
distinct parts: Thale Noi, Thale Luang, Thale Sap, and
Thale Sap Songkhla, and exhibits three water regimes:
fresh, brackish, and salt water arranged from north to
south, respectively, with the southern end connected to
the Gulf of Thailand. Within the lagoon system, salinity
ranges from 0 to 34 psu in Thale Sap Songkhla to
almost zero in Thale Noi. The shores of the Songkhla
Lagoon system comprise a mixture of urban areas,
fishing villages, shrimp ponds, seasonally flooded
forests, paddy fields, and mangrove forests. The
submerged vegetation in Thale Sap is dominated by
Najas marina, Najas minor, Hydrilla verticellata, and
Potamogeton malayanus. Conversely, the growth of
submerged macrophytes is limited. In both Thale Sap
and Thale Sap Songkhla, the substratum is primarily
mud.

Sampling methods

Bed sediments were collected at monthly intervals
between August 2017 and March 2018 from eight
stations located along the shores of the lakes Thale Sap
and Thale Sap Songkhla. In each part of the lake, there
were two stations classified as windward and the others
were leeward with two replicates at each site. Bed
sediments representing recent deposits were collected
using a plastic spade by scooping from the upper 5 £ 5
cm of the surface sediments at a water depth of
approximately 50-150 cm. The sediments were then
packed and sealed in plastic containers and transferred
to the laboratory of Faculty of Science, Prince of
Songkla University, where they were air-dried in an
oven at 60°C.



Data collection
Sediment samples were passed through a 0.0625-mm
standard mesh sieve to separate the silt and clay
fractions from the sand fractions. The total carbon (Tot-
C) and total nitrogen (Tot-N) concentrations in the
sediment samples from each replication were
determined by combustion of the dried and processed
surface sediments in a CHN analyzer. The total
phosphorus (Tot-P) concentration was determined using
ICP-AES.
Data analysis
Nutrient concentrations in the sediment samples were
compared using a three-way analysis of variance. The
sampling month, lake, and shore were considered as
independent variables and the proportion of silt and clay
and the concentrations of C, N, and P as dependent
variables.
3. RESULTS

The sediments from both Thale Sap and Thale
Sap Songkhla are dominated by silt and clay. The
sediment samples from both lakes predominantly
comprised grains <63 p (51.77 %-91.87% by weight).
There was no significant difference in the proportion of
silt and clay within the sediments in both lakes. At
closer distribution patterns, there was a significant
difference in the proportion of silt and clay among
sampling months and between both shores (Table 1).
The proportion of silt and clay was higher in sediment
samples from leeward shores than in those from
windward shores (Fig. 1A). The sediment samples from
Thale Sap and Thale Sap Songkhla had significantly
different carbon (Tot-C) and nitrogen (Tot-N)
concentrations (Table 1). The concentrations of C and N
in the sediments of Thale Sap were significantly higher
than that in the sediments of Thale Sap Songkhla (Figs.
IB and 1C). Similar patterns were noted across
sampling months, where Tot-N concentrations were
consistently higher in the sediments of Thale Sap than
in the sediments of Thale Sap Songkhla (Fig. 1D).
During the rainy season (September—January), the
sediments of Thale Sap Songkhla had significantly
higher phosphorous concentrations than that in the
sediments of Thale Sap, while no different for the rest
(Table 1 and Fig. 1E). The highest molar C:N:P, C:P,
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and N:P ratios were found in the sediments of Thale Sap
(Table 1). However, there were no significant
differences in the C:N:P and C:N ratios between the two
lakes.

4. DISCUSSION

A high proportion of silt and clay measured in
sediments from the leeward shores of both Thale Sap
and Thale Sap Songkhla suggests that the wind-driven
waves that dominate the windward shore keep the silt
and clay resuspended, rendermg the water turbid durmg
periods of high wind ®*. These alterations in the
present study were governed by the seasonal northeast
monsoon wind, a primary force that influences several
coastal lagoons. Particle size of the sediments may
therefore particularly small on the leeward and increase
toward the windward shore.

The relatively high nutrient concentrations, particularly
those of carbon and nitrogen, measured in the sediments
of Thale Sap suggest that the aquatic macrophytes that
inhabit Thale Sap strongly contribute to the nutrient
enrichment of the lake sediment. In general, macrophyte
detritus alters sediment stoichiometry by accumulating
more C relative to N and P, making the sediments of
Thale Sap more suitable for decomposers when
compared with the sediments of Thale Sap Songkhla.
The importance of macrophytes is not restricted to the
sediment. They also influence the composition of
suspended POM and thus, represent an important
coupling between benthic and pelagic habitats within
this lagoon. High C:P ratios measured in the sediments
of Thale Sap and some stations within Thale Sap
Songkhla may also reflect the influence of the
macrophytes that are abundantly present in this region.
It is interesting to note that there were relatively low
nutrient concentrations measured in the sediments of
Thale Sap Songkhla, however, the annual catches for
penaeid prawns were obviously high suggest that
nutrients that originate from autochthonous in Thale
Sap may then be transferred to Thale Sap Songkhla.
The relatively high phosphorus concentration in the
sediments of Thale Sap Songkhla may be associated
with urbanization, industrial activities, and the high
population densities of the Songkhla and Hat Yai cities.

Table 1 Percentage of Silt & Clay, Nutrlent concentrations (Mean = SE) Total Carbon, Total Nitrogen and Total
Phosphorus (pmol g’ 1), molar C:N:P, C:N, C:P and N:P ratios for sediment nutrients
in Thale Sap(TS) and Thale Sap Songkhla (TSS) of the Songkhla Lagoon system

] Silt&Clay Total Carbon Total Nitrogen TotalPhosphorus

Locality Fraction (umol g7) (umol g (umol g) C:N:P CN C:P N:P
TS 68.12+1.16 1599.1£100.31 157.12+17.48 3.66+0.56 437:43: 1 10 437 42.9
st 1 67.70+2.61 1191.4+51.82 131.73+6.23 1.23+0.75 967:107:1 9 967  107.1

st2 68.89+2.58 1369.6+£114.67 141.52+8.55 2.99+0.82 458:47:1 10 458 47.3
st3 64.12+1.56 1795.4+295.35 136.46+10.22 4.08+1.05 440:33:1 13 440 334

st4 72.32+1.88 2039.9+180.18 148.87+10.65 6.18+1.36 330:24:1 14 330 24
TSS 70.11+1.14 1112.1£58.02 105.46+4.54 4.77+0.76 233:22:1 11 233 22.1
st 1 76.50+1.94 1449.0+122.69 104.64+4.35 2.50+0.70 580:42:1 14 580 41.9
st2 69.43+1.23 797.0+61.68 93.77+7.08 6.30+1.56 126:15:1 8 126 14.9
st3 61.32+1.13 1403.6+69.70 138.76+9.52 7.01+2.07 200:20:1 10 200 19.8
st4 73.14+1.39 776.4+27.34 83.83+7.29 3.3941.20 229:25:1 9 229 24.7
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5. CONCLUSION

In this study, sediment nutrient concentrations (Tot-C
and Tot-N) were higher in Thale Sap than in Thale Sap
Songkhla. Thus, within the Songkhla Lagoon system,
Thale Sap is an important organic source and sink,
contributing to the nutrient concentration of Thale Sap
Songkhla. It is interesting to note that the C and N
concentrations measured in the present study in surface
sediments of both Thale Sap and Thale Sap Songkhla
are higher than the concentrations reported from the
Songkhla Lagoon system’s terrestrial catchments®.
This suggests that the excess nutrients driving
eutrophication in the Songkhla Lagoon system are
generated by sediment resuspension processes coupled
with the biological activities of microorganisms and
hydro-biogeochemical features within the system.

Further studies

1) Investigation of the role of dominant aquatic
macrophytes as a source of organic matter to
nutrient cycles in the Songkhla Lagoon system.

2) Examination of bacterial metabolism and growth
efficiency associated with nutrient availability in
the lagoon system.

3) Assessment of nutrient concentrations, biomass,
and detritus from aquatic macrophytes within the
lagoon system in relation to salinity and rainfall.
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ABSTRACT

The present study carried out the temporal characteristics and variation of phytoplankton diversity,
composition and their abundance with water quality using statistical techniques in Lake Paldang, South
Korea. A total of 91 species of phytoplankton were identified from the Lake Paldang in 2016, belonging
to 6 functional groups i.e., Chlorophyta(35 species), Bacillariophyta(34), Cyanophyta(11), Ochrophyta(5),
Cryptophyta(4), and Miozoa(2). Throughout the study period, the occurrence of most dominant species
was observed from Bacillariophyta(Stephanodiscus hantzschii and Cyclotella atomus). The performed
statistical analysis on phytoplankton species, the evenness and Shannon-wiener diversity index were
found to be higher in winter than those of spring. PCA applied to compare the compositional patterns
among the analyzed water samples, identified and four factors accounting for almost 84.4% of the total
variation representing water compound concentration are mainly related to point and non-point source as
well as natural process. We therefore suggest wise management of anthropogenic activities in the
catchment of Lake Paldang and their tributaries.

1. INTRODUCTION sites. In the scientific published papers, principal

The lakes and rivers represent the major source of water component analysis(PCA) was used for this sort of

used for human consumption culture irrigation, industrial
purposes and drinking water. Water resources require
information about water quality and its variability.
Phytoplankton is the primary source of a food chain,
which contributes to the major fishery resource around
the world. They are responsible for the formulation of a

biological community and regulate the food web!' .

Phytoplankton community structure, composition and
species diversity in aquatic ecosystem are determined by

parameters”®).  Temporal
variations in phytoplankton distribution are widely
affected by the hydrochemical and physical factors such
as temperature, pH, TSS and nutrients. Phytoplankton

several  physic-chemical

reacts rapidly to environmental changes and are regarded
proper indicators of water quality and trophic conditions
owing to their short generation time and fast population
renewal™. Freshwater communities are very sensitive to
environmental variables. Local processes interact to
produce phytoplankton patterns of species abundance and

diversity in a freshwater ecosystem!™.

Recently, the multivariate statistical approach is popular
form a better understanding of water quality and aquatic
status, in view of their ability to treat large volume of
spatial and temporal data from a variety of monitoring

studies in that they are capable to assess temporal
variations in water quality and to identify potential

sources of water pollution'®”.

The present study aims to show characteristics and
variation of phytoplankton diversity, composition and
their abundance in Lake Paldang, South Korea. Temporal
variations in different physic-chemical factors and
environmental indices affect the phytoplankton growth
have been discussed.

2. METHODS & MATERIALS
Study location

Fig. 1. Location of Lake Paldang with sampling site
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Lake Paldang is constructed in 1973 for the purpose of
hydroelectric power generation and creating a drinking
water source an artificial dam reservoir (Fig.1).

The location is in the central part of the Korean
Peninsula(37°29" N, 127°26" E), serving as a major
source of drinking water for more than 25 million people
in the Seoul, South Korea. The catchment area of the lake
is as much as 23,800 km?, which corresponds to a quarter
of the total area of South Korea(100,032 km?).

Sampling and water quality analysis

For qualitative and quantitative studies of phytoplankton,
2 liters of water sample was taken from near surface and
fixed with few drops of acid Lugol’s iodine solution(1 ~
2%). After the settling and siphoning procedure, 1 ml of
aliquot of the sample was taken in a Sedgewick-Rafter
duplicate
microscope(Eclipse Ni-E, Tokyo, Japan) for identifying
and counting phytoplankton cells.

Water temperature, oxygen(DO), pH,
conductivity(EC), were measured in situ with a portable
multi-prove(YSI EXO, Yellow Springs, OH, USA). 2 L
water samples were also collected from mixture of
subsurface(0.5 m) and middle(10 m) and bottom(17 m)
level for analysis at site, including the following

counting cell in under the inverted

dissolved

parameters; total phosphorus(TP), total nitrogen(TN),
nitrate nitrogen(NO3-N),
five-day biochemical oxygen demand(BODs), chemical
oxygen demand(CODyy), chlorophyll-a(Chl-a), total
suspended solid(TSS). All samples were analyzed
according to Korean Standard Method for Examination of
Water Quality!.

ammonia nitrogen(NH;-N),

Environmental index and statistical analysis

Diversity index(H"), evenness(J") and richness index(S)

were used to calculate community metrics of
phytoplankton'. The trophic state index(TSI) is obtained
by incorporating data for these three parameters into the
1 In order to

corresponding Carlson(1977) equation
facilitate consistent evaluation of the dataset of these
multiple variables monitored during various periods,
multivariate analyses of the water quality dataset were
performed through principal component analysis(PCA).
Statistical computations in this study were made using

IBM SPSS20.

3. RESULTS & DISCUSSION

Species composition and diversity of phytoplankton

A total of 91 phytoplankton species belonging to 6 phyla
were recorded in 2016, including Bacillariphyta,
Cyanophyta, Chlorophyta, Cryptophyta, Ochrophyta and
Miozoa. In terms of species number, 35 species was
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group of Chlorophyta, followed by Bacillariphyta with 34
species, Cyanophyta with 11 species and other algal
groups were total 11 species. Among them, 57 species in
6 phyla were collected in summer while 28 species from
5 phyla were observed in winter. Although the highest
number of species was Chlorophyta the Bacillariphyta
was the most dominant group with the high
abundance(141 x 10’ cells L) in all seasons, except of
August(Cyanophyta) and December(Cryptophyta). The
variation of cell number and relative abundance of each
phytoplankton group were illustrated in Fig. 2.

The species richness(S), and Shannon-Wiener
diversity(H') were generally low in the Lake Paldang,
which ranged from the highest 57 species in summer to
the lowest 28 species in winter, and diversity varied
between 0.40 and 2.70. Seasonally, species diversity and
evenness were much higher in winter(average H = 2.08;
J' = 0.79) than those of spring(average H = 1.73; J* =
0.58). The
spring(average S = 2.13) than that of autumn(average S =

1.54). The low evenness in spring indicated that the

richness(S) were much higher in

phytoplankton community was dominated by a few
species, coinciding with the observation of the blooms of
Stephanodiscus hantzschii and Cyclotella atomus in the
study area during spring sampling.
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Fig. 2. The variation of cell number and relative
abundance of each phytoplankton group

Source identification of monitored variables and TSI

The PCA based on the correlation matrix was performed
to understand the underlying relationships between the
water quality variables of Lake Paldang and to identify
their characteristics. The Kaiser’s criterion was used to

U The scree

determine the number of PCs to retain
plot(Fig. 3) showed the sorted eigenvalues from large to
small as a function of the PC number. Loadings of four

retained PCs are expressed in Table 1.
The first factor(PC1), according 40.82% of the total



variance, showed high positive loadings of NO;-N, DO, T
and NH3-N, and high negative loading of TEMP. The
second factor(PC2) explained 19.31% of the total
variance. It had strong positive loading on COD, pH,
BOD and Chl-a. The third factor(PC3), explained 15.30%
of the total variance, contains a large positive loading on
TP and SS. The fourth factor(PC4) accounting for the
lowest total variance(9.01%), has a strong positive
loading on EC. This contamination is due to a mixed
source including natural processes and anthropogenic
activities. The average values of TSI(SD), TSI(TP) and
TSI(Chl-a) are 51.59, 48.66 and 54.10 respectively,
showing in the category of mesotrophic/eutrophic.

Eigenvalue

Component number

Fig. 3. Scree plot of the eigenvalues.

Table 1. Loading of experimental variables on principle
components for the whole datasets

PCl1 PC2 PC3 PC4

Temp -0.933 0.113 0.038 0.108
NO;-N 0.824 0.313 0.267 0.187
DO 0.821 0.402 -0.223 -0.078

TN 0.801 0.320 0.323 0.300
NH;-N 0.607 -0.289 0.143 0.521
COD -0.164 0.820 0.347 0.127
pH 0.152 0.789 -0.335 0.283
BOD 0.384 0.756 0.222 -0.025
Chl-a 0.294 0.557 0.450 -0.141
TP -0.092 0.039 0.951 -0.099

SS 0.243 0.178 0.917 0.017

EC 0.091 0.234 0.007 0.893
Eigenvalues 4.899 2.317 1.836 1.082
% of variance | 40.822 19.312 15.297 9.014

4. CONCLUSIONS

This paper summarized the weekly wvariations of
physic-chemical parameters and their influences on
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phytoplankton community of Lake Paldang with
environmental indices and statistical data output in 2016.
The phytoplankton community was found to belong to 6
groups, with Bacillariophyta dominating except of
August and December. The indices of phytoplankton
species diversity(H") and evenness(J") in winter(av. H =
2.08; J° =0.79) were higher than spring(av. H=1.73; J" =
0.58). Several trophic state indices and water quality
parameters have been applied an overall analysis pointed
out mesotrophic/eutrophic characteristics. As a result of
PCA, water pollutants are mainly in associated with both
natural processes and anthropogenic activities.
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ABSTRACT

The determination of chelators in environmental samples is an analytical challenge due to their structural
similarities and presence of low concentrations. We report a rapid and sensitive method for the
determination of both the non-biodegradable (ethylenediaminetetraacetic acid, EDTA;
N-(2-hydroxyethyl)ethylenediamine-N,N',N'-triaceticacid, EDTA-OH) and biodegradable
(ethylenediamine-N,N'-disuccinic acid, EDDS) chelators as their corresponding Cu'-complexes in the
aqueous matrices. An ultra-performance liquid chromatography/quadrupole time-of-flight mass
spectrometry was used. Chromatographic separation was performed using a UPLC HILIC amide column.
Sample preparation is easy without pre-treatment steps. Limit of detection was 0.004 umolL"! (EDTA),
0.007 umolL! (EDTAOH) and 0.008 pmolL! (EDDS). The coefficient of determination (R?) was 0.999 for
the chelators with repeatability of <3%. The developed method was successfully applied to the
measurement of chelator concentration in lake water samples.

1. INTRODUCTION environmental samples [3].

Synthetic aminopolycarboxylate chelators are emerging
environmental contaminants and extensively used for
industrial and domestic purposes worldwide [1]. Chelators
are produced in massive quantities every year because of
their broad application range. In 2015, global chelators
market size was 1026 kilotons. However, continuous
exposure of non-biodegradable chelators such as EDTA
and its homologs have hazardous environmental effects.
Chelators form stable water-soluble complexes with metal
ions, which increase metal solubility causing risk to enter
the food chain. Although WHO set a tolerable limit of
EDTA is 600 pgL-!' in drinking water and European
Aminopolycarboxylate Committee established no-effect
limit of 2.2 mgL! in an aqueous environment, there were
reports of up to 12 mgL-! EDTA in European water bodies
[2].

Therefore, sensitive determination technique is essential to
check the content of chelators in the open-water bodies.
Some methods have been established to determine the
chelator and their metal complexes in environmental
matrices. However, the detection of metal-chelator
complexes is still a challenge due to their structural
similarities and presence of low concentrations in

The objective of the present study is to develop a rapid,
sensitive and precise method for the determination of both
non-biodegradable and biodegradable chelators in natural
samples using  an  ultra-performance liquid
chromatography quadrupole/time-of-flight mass
spectrometry (UPLC-Q-TOF-MS).

2. METHOD

EDTA, EDTA-OH, and EDDS was used in the present
study (Fig. 1). The metal-chelator complex solution
contained 102 molL' Cu' standard, 103 molL"! chelator
standard, 10 mmolL'(NH4)>COs, and acetonitrile / H,O
(70%/30%) as the sample diluents. Real samples from five
different lakes, as collected during July to September was
used (Fig. 2). Samples were filtered with 0.45 pum filters
(Millipore, HA), and stored in polyethylene bottle at 5°C.

g
A
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R, N Mﬂ#"":‘"k""’ "': vt :-"‘W"'\-H./J“QN
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HO. . 1 @
ki o7 TOH OH

EDTA EDTA-OH EDDS
Fig. 1 Structure of chelating agents used in the study
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Lake Suwa
(Nagano prefecture)

Lake Kahoku

(Ishikawa prefecture)

Lake Suigetsu
Lake Kitagata

(Fukui prefecture) !
Lake Nishino

(Shuga prefecture)

Fig.2 Sampling sites

A UPLC-Q-TOF-MS system (Xevo G2-S QTOF MS,
Waters, Milford, USA) was used for the determination of
the  metal-chelator  complexes.  Chromatographic
separation was achieved using an ACQUITY UPLC BEH

amide column (particle size 1.7 pm, 2.1% 150 mm, Waters).

A mobile phase consisting of 10 mM (NH4)>CO3, and
acetonitrile with 0.1 M (NH4).CO3 was used. The gradient
condition was as follows: initial, 3% A/97% B; initial -11
min, 3% A/ 97% B to 50% A/ 50%B; 11-13 min, 50%A/
50% Bj; 13—-13.1 min, 50% A/ 50% B to 3%A/ 97% B. The
flow rate of the mobile phase was 0.3 mL min’!, and the
injection volume was 10 pL. Acquisition mode was set as
negative polarity in resolution analyzer mode. The
LC-Q-TOF-MS system was controlled using the
MassLynx 4.1 (Waters) software program. The data were
generated based on peak intensities, and m/z values were
used to identify individual peaks. Peak areas and the
signal-to-noise (S/N) ratios were generated using the
TargetLynx software as part of MassLynx 4.1.

3. RESULTS

Chelators were determined as their corresponding
Cu'-chelator complex. Cu-EDTA, Cu-EDTAOH, and
Cu-EDDS samples were analyzed both in positive and
negative polarity in electrospray ionization (ESI) mode.
Mobile phase composition, pH of the mobile phase,
sample diluents, capillary voltage (kV), desolvation gas
flow (Lh') were optimized. Cu-EDTA (m/z, 352.1),
Cu-EDTA-OH (m/z, 338.1) and Cu-EDDS (m/z, 352.1)
were detected individually at optimized operating
conditions (Fig. 3). Limit of detection (LOD) was
calculated based on signal-to-noise ratio of 3. LOD was
0.004, 0.007 and 0.008 umolL-' for EDTA, EDTA-OH,
and EDDS, respectively. The linearity of the calibration
curve was verified by plotting the peak area of the signal
versus the amount of chelator added. The coefficient of
determination as R? was 0.999.

Repeatability of the method was <3% as calculated from
ten consecutive measurements for a given concentration
value. The method validity was checked using five
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different lake water samples by standard additions
(recovery 91.8 to 97.3%). The method was further applied
to detect 0.068 umolL-' EDTA in lake Nishino located at
Shiga prefecture.
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Fig. 3 Mass spectrum and mass chromatogram extracted
at optimized operating condition, final concentration of
chelator was 2 pmolL™! in the sample

4. DISCUSSION

The chelators were analyzed in positive and negative
polarity in electrospray ionization (ESI) mode by
UPLC-Q-TOF-MS. The target peak was detected in both
positive and negative mode. However, the signal per noise
ratio (S/N ratio) was higher in the negative mode (Fig. 4).
The carboxylic group of chelators may facilitate the
detection of the anion with high sensitivity. The effect of
mobile phase composition and the pH of the mobile phase
solution was evaluated for the better sensitivity and
satisfactory retention of the analytes. The sensitivities (as
S/N ratio) of three Cu-chelator complexes were improved
at higher pH (pH 9.0) (Fig. 5). Three mobile phase
compositions were selected based on the compatibility
with mass spectrometry such as (a) 10mM (NH4).CO3/
acetonitrile + 0.1 M (NH4),COs3 (b) 10 mM CH3COONH4/
acetonitrile + 0.1 M CH3COONH4 and (c) 10 mM
NH4COOH/ acetonitrile + 0.1 M NH4COOH. The
improved sensitivity of the analytes was achieved when
using the composition (a) (Fig. 6). The satisfactory
retention was also observed using this mobile phase
composition. The desolvation gas flow (Lh') and the
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capillary voltage (kV) were optimized during the
measurement by UPLC-Q-TOF-MS.

13000
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Fig. 4 Selection of polarity (positive/negative) in ESI

EDTAOH

mode for the determination of Cu-chelator complexes,
final concentration of chelator was 10 pmolL!
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Fig. 5 Effects of mobile phase pH on sensitivity of
Cu-chelator complexes, final concentration of chelator
was 10 pmolL™!

Five lake water (Fig. 2) samples were analyzed among
which Lake Nishino of Shiga prefecture has shown the
detection of 0.068+0.08 umol L' EDTA content, whereas
other found below the detectable limit. It would better be
noted that EDTA might hamper the biological process at
>1 mgL! concentrations [4]. The proposed technique was
fast, sensitive and useful for the determination of chelating
agents from natural samples.
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18000 m  |0mMNH.COOH
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o 12000 B AN+ 0.0 M{NH OO
£
z 10000
._.":" 2000
= 6000
B
vl 4000
2000
{

EDTA
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Fig. 6 Effects of mobile phase composition on the
sensitivity of Cu-chelator complex, final concentration of
chelator was 10 pmolL!, ACN indicates acetonitrile

5. CONCLUSION

The strengths of the proposed method include rapid
determination, fast separation, and high sensitivity and
resolution, and no pretreatment step to enrich the target
species. The method was also successfully applied to the
determination of Cu-EDTA complexes inlake water
samples.
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Abstract

The lagoon, Chilika positioned as one of the largest brackish water ecosystems and designed
as a Ramsar site in South Asian continent. Phosphorus sorption and desorption process can
able to predict the status of phosphorus as the source or sink for coastal lagoon ecosystems. A
very few studies on this aspect has been standardized for coastal lagoon in the south Asian
continent. The sorption-desorption processes standardize in the laboratory maintaining the
same environmental condition of the lagoon, Chilika. The effects of major water quality
parameters like salinity, pH and temperature on phosphorus sorption on sediments were studied
for the outer channel (OC), northern sector (NS) and southern sector (SS) in the lagoon,
Chilika. The lagoon sediment for phosphorus sorption could be better assigned by the modified
Langmuir model than by the modified Freundlich model. Effect of salinity, pH, and
temperature on phosphorus sorption could be better understood by a binomial equation. The
rate of phosphorus sorption increases with increasing salinity, pH, and temperature at low
ranges. Whereas it decreases in excess of threshold values. The maximum phosphorus sorption
capacity (Qmax) was more for NS sediments (258 mg/kg) compared with OC (219 mg/kg) and
SS sediments (237 mg/kg) (p < 0.05). The percentage of phosphorus desorption (Pges) in the
NS sediments (8.5-64.5%) was much lower than those in OC (29.7-126.9%) and SS sediments
(21-109.5%). This study can able to help wetland manager to control eutrophication status of

the lagoon by immediate effect of increasing P sorption through freshwater restoration.

Key words: Phosphorus; sorption; desorption; isotherm models; brackish water lagoon
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ABSTRACT

In previous studies, resuspended sediments that were exposed to simulated solar irradiation could release
dissolved phosphate (PO4°"). However, the mechanisms of phosphate release remain unclear. In this
research, a battery of experiments was performed to reveal the mechanisms of the photochemical release
of phosphate from resuspended sediments of a shallow eutrophic lake under solar irradiation. The results
show that the PO4 > released in resuspended sediments was significantly higher than that in the dark control
or in water alone after treatment with solar irradiation for 6 h. The results of sequential chemical extractions
showed that the concentrations of labile organic, moderately labile organic and residual organic phosphorus
decreased in the resuspended sediment after 6 h of solar irradiation; of these, moderately labile organic
phosphorus was the greatest contributor to the release of dissolved phosphate in resuspended sediment.
Orthophosphate, phosphate monoesters, phosphate diesters and pyrophosphate were detected with 'P-
NMR. It is worth mentioning that the diester- P and pyro-P species disappeared after 6 h of irradiation. All
of these results suggest that photochemical processes may lead to PO4’~ release from sediment in aquatic
environments. Moreover, the content of photochemical release of PO4>~ increased with the increasing of
suspension concentration within a certain concentration range and the photochemical release of PO4*~ has
significant spectral sensitivity.

1. INTRODUCTION

A recent study demonstrated that dissolved nutrients
could be released when resuspended marine and estuarine
sediments were irradiated by sunlight "->7], In a suspension
constituted with autoclaved sediment (< 30 pm) and
filtered seawater, more dissolved PO4*~ was released under
solar irradiation than in dark conditions. Because
biological effects had been eliminated, the increase in
POs> in the suspension was attributed to the
photochemical decomposition of organic phosphorus from
sediments 18], These findings suggested that photo catalysis
had a significant impact on organic phosphorus production
into the surface waters, leading to the increase of the
concentration of available phosphorus [°l. These earlier
studies have found that photochemical processes play an
important role in nutrient recycling in aquatic
environments, but there is scant research of environmental
controls and mechanisms of the phosphate released from
resuspended sediments under solar irradiation.

Here, we undertook a detailed study of PO4* release
from resuspended sediments of a shallow eutrophic lake,
under simulated solar irradiation. Sequential chemical
extractions and 3'P-NMR were used to investigate
variations in the phosphorus speciation during sediment
resuspension under solar irradiation. Environmental
parameters, such as the initial concentration of the
resuspended sediment and the radiation spectrum were
considered. The results will be useful to understanding the
phosphorus cycle in aquatic environment.

2. METHOD

The water and sediment used in the experiment were
collected from Lake Nan in Wuhan, China. Sediment
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samples were mixed,and autoclaved at 115-120 °C for 30
min. The mixed lake water was stored at 4 °C after being
filtered with a 0.2 pum polysulfone filter (Supor-200,
PALL) to remove microbes and suspended particulate. The
fractionate and speciation change in organic phosphorus
before and after solar irradiation was determined by
sequential extraction procedure and 3'P-NMR B, Overall,
the concentration of dissolved phosphate was determined
using the molybdenum blue method.

3. RESULT

3.1. Release of PO4*~ during sediment resuspension

As shown in Fig. 1a and b, the initial concentration of
PO4* in the filtered water and filtered autoclaved sediment
resuspension was 0.18 and 0.30 mg/L, respectively. After
solar irradiation for 6 h, there was no significant difference
in the PO4>~ concentration in the filtered water. However,
the PO~ concentration increased from 0.30 to 0.32 mg/L
in the filtered autoclaved sediment resuspension after 6 h
of solar irradiation. Most notably, the concentration of
PO4* increased from 0.31 to 0.41 mg/L in the suspension
after solar irradiation for 6 h (Fig. 1c¢), which suggested
that the resuspended sediments that were exposed to
simulated solar irradiation could quickly release PO4*".
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Fig. 1 The release of PO4> in (a) filtered water, (b) filtered
autoclaved sediment resuspension and (c) autoclaved
sediment resuspension under solar irradiation.

3.2. Fractionation of phosphorus during sediment
resuspension under solar irradiation

In this work, the organic phosphorus in the
autoclaved resuspended sediments were divided into the
labile organic (LOP), moderately labile organic (MLOP)
and non-labile organic phosphorus (NLOP) groups, as in
Lii's report %1, As shown in Table 1, the concentration of
the different components of organic phosphorus was
significantly lower after solar irradiation, comparedwith
before the solar irradiation. The mean concentrations of
LOP, MLOP and NLOP decreased from29.29 + 2.93,
185.66+ 3.38 and 42.02 + 4.22mg/kg to 12.79+ 2.53,
105.71 £ 4.24 and 23.47+2.21mg/kg, respectively. The
results from 3'P-NMR indicated that the resuspended
sediments were composed predominantly orthophosphate
(ortho-P), phosphate monoesters (mono-P), phosphate
diesters (diester-P) and pyrophosphate (pyro-P) (Fig.2). In
the process of solar irradiation, the peaks of the diester-P
and pyro-P disappeared .Meanwhile, the peak formono-P
also changed after solar irradiation, indicating that the
constituents of the mono-P changed.

a

Fig. 2 3'P-NMR spectra of NaOH-EDTA extracts of the
resuspended sediments before and after solar irradiation for 6
h: (a) Ortho-P; (b) Monoester-P; (c¢) Diesters-P; (d) Pyro-P.
Tablel Different organic phosphorus concentrations in
resuspension sediments
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resuspension prepared by adding 1, 2 and 3 g of autoclaved
sediment was 33, 73 and 101 mg/L, respectively. And the
initial concentration of PO4>~ in the suspensions was 0.28,
0.31 and 0.32 mg/L, respectively. The initial concentration
of PO4 increased with increasing amounts of
resuspended sediment. After 6 h of solar irradiation, the
concentration of PO4*" increased to 0.34, 0.41 and 0.43
mg/L, and the release of PO4*~ increased by 0.06, 0.10 and
0.11 mg/L in the samples with the resuspended sediment
concentrations of 33, 73 and 101 mg/L, respectively.

PO4* released from resuspended sediment under solar
and visible light irradiation, and a 420 nm filter was used
to remove the light that has wavelengths shorter than 420
nm. As shown in Fig. 2b, the concentration of PO4*" in the
experiments with solar and visible light irradiation
increased to 0.44 and 0.33 mg/L, respectively.

[ nitial Value
Final Value

Final

Fig. 3 Effect of environmental parameters on the PO4* photo-
released from resuspended sediment under solar irradiation:
(a) initial concentration of resuspended sediment and (b)
irradiation spectrum

4. DISCUSSION

Dark control was set up in this experiment, as shown in
Fig.1. Because the biological effects were removed,the
increase in dissolved PO4* concentration should be
attributed to the photodegradation of organic phosphorus.
Compared to the amount of PO4*" that resulted from the
dissolved organic phosphorus, the photodegradation of
particulate organic phosphorus to PO+~ played an
important role in phosphorus release.

The concentration of resuspended sediment could
influence the initial concentration of phosphate and
organic phosphorus in the water environment. In addition,
as reported by Mayer, high concentrations of resuspended
sediment could block the transmission of light in the water

(8, However, as shown in Fig.3a, when the resuspended

S Value (mg/kg) _ sediment concentration increased to 101 mg/L, the amount
Classification Transformation 3 . . .
Before After of PO4°~ that was released decreased. This result is mainly
of OP rate (%) because the distribution of dense particles blocked the
irradiation irradiation transmission of light in the suspension with a high
LOP 29294293 1279 £ 2,53 5633+ 112 sedlment. concentration, inhibiting .the photglytlc
degradation of organic phosphorus during the sediment
resuspension.
MLOP 185.66 +3.38 105.71+ 4.24 43.06 +1.12 .. ..
The radiation spectrum significantly affects the number
of free radicals that are generated, which will further
LOP 42.02 £4.22 2347+221 44.15+1.12

influence the photodegradation of organic matter in the

3.3. Effects of environmental parameters on the
photorelease of PO4*~ during sediment resuspension
The environmental parameters are important factors that
influence the photochemical release of PO4*~ during
sediment resuspension. As shown in Fig.3a, the initial
concentrations of the resuspended sediment in the

natural aquatic environment [l The Fe* ion has also been
shown to be a photoreactive species, in terms of *OH
generation irradiation with visible light %!l In this
experiment, The amount of PO4~ released from
resuspended sediment under solar irradiation was higher
than that of visible light treatment, which suggested that
PO+ released from organic phosphorus photodegradation
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during sediment resuspension was highly spectrum-
sensitive.

5. CONCLUSION

This study revealed the mechanism of PO4* release
from resuspended sediments under solar irradiation. The
amount of PO4>~ that was released dramatically increased
when the sediment resuspension occurred under solar
irradiation, and the initial concentration of the resuspended
sediment and radiation spectrum affected this process
significantly. 3'P- NMR and the sequential extraction of
organic phosphorus clearly demonstrated that the organic
phosphorus component changed when the resuspended
sedimentswere exposed solar irradiation. Together, these
results benefit our understanding of the phosphorus cycle
in the process of shallow lake eutrophication. Continued
investigation is necessary to understand the transformation
process of particulate phosphorus to phosphate under solar
irradiation and to fully understand the fate and transport of
sediment phosphorus
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ABSTRACT

Tonle Sap Lake (TSL) in lower Mekong River Basin and also is the largest freshwater lake in Southeast Asia at the end of
the wet season. The water quality and decline in biological resources have been raised regarding the degradation of water
quality in Tonle Sap Lake. The study aimed to study variability in water quality in the large shallow lake scale at temporal
and spatial scale; and to better understand the state of water quality in this largest Southeast Asia shallow lake. The
presented study was based on surface water quality collected from cross-section of Tonle Sap Lake covering a maximum
of 37 sampling stations during December 2016 and June 2017 corresponding to receding and rising stage of lake volume,
respectively. Variation of water depth was high between December and June (on average 2.7 m in June and 4.7 m in
December) and caused high variability for TSS (170 mg/I in June and 7 mg/l in December). However, low variability of
rising and receding stage had been detected for DO. Based on information obtained from this study, it provided the
information regarding to the spatio-temporal water quality in various layers to understand the state of water quality in TSL.
Additionally, the integration of process-based information with interpolation maps could support the further study of prior

sampling points or monitoring program.
1. INTRODUCTION

The Tonle Sap Lake (TSL) and its floodplains contain the
largest continuous areas of natural wetlands habitats
remaining in the Mekong system while being the largest
permanent freshwater body in Southeast Asia. During the
dry season, November to April, the lake size is about 120
km long and 35 km wide, with an area of about 2500 km?
and flow to Mekong River from the northwest part. In the
wet season, from May to October, flooding and the
associated water level increase in the Mekong River causes
the Tonle Sap River to change flow direction and flow
towards the northwest (upstream) into Tonle Sap Lake [1].
During the flood phases, the lake receives a large amount
of water volume from Mekong River through reversal flow
and enlarges to about 250 km long and 100 km wide, with
an area of about 17,500 km? [2]. Some concerns have been
raised regarding the degradation of water quality in Tonle
Sap Lake due to multiple pressures ranging from human
activities in floating houses in the lake to agricultural
activities in watershed [3]. Investigations into the
variations in water quality should be based on monitoring
over a sufficient spatial extent to the whole lake. However,
due to the variation of the size during dry and wet season
of the Tonle Sap Lake, spatial and temporal variations
studies in the water quality of Tonle Sap Lake remain
limited.

The presented study was based on surface water quality

collected in December 2016 and June 2017 in Tonle Sap
Lake corresponding to receding and rising stage of lake
volume, respectively. The study aimed to study the
variability in water quality in the large shallow lake scale
at temporal and spatial scale.

2. METHOD

The data collection comprised of 37 sampling stations and
two sampling campaigns in December 2016 and June 2017
corresponding the beginning of the receding stage and
beginning of the rising stage of the lake volume. The exact
sampling locations were fixed by using Global Positioning
System (GPS). All the sampling locations (Fig. 1) have
been projected on cross-section lines (CS) passing through
the entire lake. Surface water layer and bottom water layer
(0.5 m above the bed) were collected for this study from
the lake, as the depth of water is less 3m and 7m in the dry
and wet season, respectively. Temporal variations of
different parameters had been assessed using descriptive
statistic. The ordinary kriging (OK) had been performed to
map selected water quality since it could provide
outperforms than other spatial interpolation methods in
Tonle Sap Lake for both layers [4]. Targeted parameters
are total depth, Electrical conductivity, water temperature,
oxidation-reduction potential, pH, dissolved oxygen,
Turbidity, Total suspended solid. All water quality
parameters (except TSS) were
measurement using YSI EXO Water Quality Sondes. The

conducted in-situ
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sensors had been calibrated regularly (before conducting
the field survey) to ensure accuracy and response times.
TSS had been conducted analysis in laboratory adapted
from American Public Health Association (APHA).
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Figure 1: Sampling locations in Tonle Sap Lake
3. RESULTS AND DISCUSSION

Temporal water quality

The descriptive statistic was applied to the dataset and
showed in Table 1. The result enabled us to compare water
quality parameters between two separated stages.

Table 1: Descriptive statistic of the selected water
quality parameters during December, 2016 and
June, 2017 in-situ measurement campaigns

These were confirmed by both water layers, the surface
layer (4-450 mg/l, on average 170 mg/l) and the bottom
layer (10-710 mg/l, on average 160 mg/l). The TSS
concentration is diluted by monsoonal rainfall events after
the beginning of rainy season, inflow from the Mekong
River and high lake volume.

After the peak water depth in between October and
November, water in Tonle Sap Lake starts to fall and
December is the beginning of the receding stage. However,
the water level was still in the high level during the study
period. Water depths ranged between 3.5 meters to 8.7
meters and on average was 4.7 meters. The turbidity and
TSS concentration in this stage were diluted by lake
volume; Turbidity was in between 2.6 to 36 NTU (average
14 NTU) for the surface layer and in between 3.2 to 53
NTU (average 17 NTU) for the bottom layer. TSS
concentration also showed the decrease trend during these
periods as on average was 7.9 mg/l for surface layer and
9.6 mg/l for the bottom layer. Turbidity and TSS
established a good agreement that this shallow lake
clarification follows the variability of the lake size and
volume.

Regarding DO, the low variability of this rising and
receding stage has been detected. In June 2017, the
average DO was 7 mg/l and 6.2 mg/l for surface and
bottom layer. In December 2016, DO was 6.5 mg/l and 6.6
mg/l for surface and bottom layer. Between DO and pH in
both observed months showed good positive correlation

Surface Layer Bottom layer
Parameters Min Max Average S.D C.V  Skewness Kurtosis Min Max Average S.D C.V  Skewness Kurtosis
Total Depth (m) 1.60 5.53 2.78 0.64 0.23 1.98 9.02 1.60 5.53 2.78 0.64 0.23 1.98 9.02
Temp (°C) 29.30 35.70 31.98 1.36 0.04 0.56 0.28 28.90 32.30 30.09 0.67 0.02 0.88 1.81
~ EC (uS/cm) 51.40 248.0 154.75 37.00 0.24 -0.49 1.68 40.40 211.00 142.28 31.83 0.22 -1.02 2.29
g pH 6.66 8.94 7.84 0.64 0.08 0.17 -0.97 6.66 8.55 7.63 0.46 0.06 -0.29 -0.59
- ORP (mV) 138.0 250.0 186.6 29.6 0.16 0.18 -0.75 19.0 240.0 188.8 42.0 0.22 -2.94 10.12
DO (mg/L) 4.11 10.93 7.08 1.57 0.22 0.11 0.03 3.38 7.67 6.28 0.94 0.15 -1.66 2.93
TSS (m/]) 4.50 405.0 169.50 103.22 0.61 0.42 -0.23 10.00 716.0 160.6 208.9 1.30 1.68 1.76
Surface Layer Bottom layer
Total Depth (m) 3.55 8.78 4.75 0.86 0.18 2.93 13.37 3.55 8.78 4.75 0.86 0.18 2.93 13.37
Temp (°C) 25.70 29.40 27.15 0.87 0.03 0.52 0.13 25.60 28.70 26.81 0.90 0.03 0.68 -0.37
EC (uS/cm) 47.90 140.70 101.73 24.16 0.24 -0.70 -0.27 25.80 143.70 100.60 27.43 0.27 -1.06 0.79
i,) pH 6.82 8.34 7.55 0.40 0.05 -0.17 -0.96 6.51 8.10 7.45 0.43 0.06 -0.45 -0.88
g ORP (mV) 137.0 472.0 238.7 108.7 0.46 1.27 0.01 19.2 462.0 228.4 112.1 0.49 1.01 -0.04
DO (mg/L) 1.53 8.70 6.58 2.03 0.31 -1.39 0.87 2.47 8.27 6.62 1.56 0.24 -1.12 0.46
Turb (NTU) 2.60 36.00 14.67 8.27 0.56 0.61 -0.14 3.25 53.40 17.52 10.15 0.58 1.28 2.97
TSS (m/]) 3.31 11.50 7.91 2.04 0.26 -0.03 -0.42 4.50 24.0 9.65 3.66 0.38 1.63 5.26

Note: Min: minimum, Max: maximum, S.D: standard deviation, C.V: coefficient variation

The table showed the high variation of water depth in
December and June. At the beginning of the receding stage,
water depth ranged from 3.5 to 8.7 meters in the lake and
result the lake surface was larger than June (water depth
ranged from 1.6 meters to 5.5 meters). In general, the
concentrations of most water quality parameters shall
differ between seasons or lake volume. In June, beginning
of rainy season, water levels were low which resulted in an
accumulation of TSS in the lake and reached a high level.
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and could indicate the production of dissolved oxygen by
photosynthetic activity.

Spatial Variability of Water Quality

TSS, DO and EC was selected for spatial variability study
based on high variability among the sampling stations and
importance of each parameter. A coefficient variation (CV)
was used to compare variability between different
sampling stations. TSS is one of the indicators for lake
clarification, DO is an essential factor for aquatic life,



while EC of lake water is an estimator of the amount of
total dissolved salts. The distribution maps of selected
water quality parameters had been constructed to visualize
the spatial variability in both water surface layer and
bottom layer during rising and receding stage of the lake
volume. The ordinary kriging (OK) had been performed to
map selected water quality in Tonle Sap Lake for observed
months and both layers [4] (Figure 2).

TSS: Tatol Suspended Solids
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Figure 2: Distribution maps of selected water
quality in Tonle Sap Lake and its floodplain, (a)
TSS, (b) DO and (c) EC. Top left: surface layer in
rising stage, Bottom left: bottom layer in rising
stage, Top right: surface layer in receding stage,

Bottom right: bottom layer in receding stage.

In June, TSS concentration was high in upper part of the
lake in both surface and the bottom layer (160-400 mg/1).
Another concentrated area of TSS was in lower part (180-
450 mg/l) for the surface layer. However, bottom layer
concentrations of TSS were lower in this area (15-65 mg/1).
In receding stage, TSS concentration was low, in particular,
in the middle of the lake (5-25 mg/1). The contrast of TSS,
DO was good in the middle of the lake in these months and
bother layer (5-9 mg/l) because of dilution from the lake
volume. While near the lake boundary, DO was lower (4-
6 mg/l) due to agricultural activities around the lake and
floating villages in that area. EC provided different spatial
variability in June and December, but good agreement in
surface and bottom layer. In June, high EC (150-200
uS/cm) occurred in the middle of the lake but in December,
the middle of the lake, EC was lower (20-150 uS/cm).

4. CONCLUSION

In this study,
interpolation method had been used for spatio-temporal

descriptive statistic and geospatial
study of water quality collected in December 2016
(receding stage) and June 2017 (rising stage) in Tonle Sap
Lake. Based on results obtained from this study, it could
provide information regarding the spatio-temporal water
quality in various layers to understand the state of water
quality. Additionally, the integration of process-based
information with interpolation maps could support the
further study of prior sampling points or monitoring
program. The targeted parameters can be used in the future
study to establish correlations among parameters.
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ABSTRACT

Water sources in the Cambodia are being contaminated by the untreated wastewater discharge from the
city; however, the biological water quality data is scarce in the region. We investigate the presence of
Escherichia coli (E. coli), coliform and its gene (u#idA) in Mekong river, Tonle Sap river and Tonle Sap lake
since this environmental water was affected by domestic wastewater. Concentration of E. coli and coliform
in Tonle Sap river were higher than those in Tonle Sap lake and Mekong river. E. coli concentration in
Tonle Sap river is about 10 times higher than in Tonle Sap lake and about 100 times higher than in Mekong
river. The uid4 gene was identified in Tonle Sap river almost every month from March to December 2017
while uidA was identified in Mekong river only from March to May 2017. The results from this study
demonstrated that the main water sources in the country such as Tonle Sap lake, Tonle Sap river and
Mekong river are under the pressure of fecal contaminated source. The untreated wastewater from the city,
which may contain high concentration of virulent microorganisms, was discharged into the water body in
daily basis. The construction of wastewater treatment plant in the country is necessary for removal of
unwanted substances or microbes for improving the water source quality and for sustainable development.

1. INTRODUCTION water cycle in this lake is exceptionally unique. The water

Cambodia economy gradually rose year by year with the usually flows from Mekong river into the lake in rainy

average of 7.6% growth rate from 1994 to 2015
(http://www.worldbank.org/en/country/cambodia/overvie

season (from December to April) and flow from the lake
to Mekong river via Tonle Sap river in dry season (from

w). The infrastructure in the country is much improving
recently, particularly in Phnom Penh capital city.
Cambodia economy largely depends on the natural
resources such as agriculture and fisheries production.

Fig.1 Sampling point of Mekong river and Tonle Sap
river and Tonle Sap lake.

Tonle Sap lake, the largest fresh water body in Southeast
Asia, offer uncountable benefit for Cambodia and play an
important role in flood regulation in the region!?. The
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May to October). The lake and rivers offer a ton of fish,
snake, shrimp, and other aqua products for supporting the

food demand4.

The connection between Mekong river and Tonle Sap river
is located at the capital city of Phnom Penh, Cambodia.
Since, there is no wastewater treatment plant in Phnom
Penh, the untreated wastewater was discharge into water
source such as Tonle Sap river, Mekong river, Bassac river
and wetland®™. Even though those water sources provide
uncountable advantages for human, they were reported
under threat due to the inflow of not only the domestic
wastewater but also industrial, agricultural, and floating
villages waste. As an estimation, more than 234 tons of
feces was discharged into water source and among of those
waste, 77 tons was discharge into the lake body in daily
basis. There is a plenty of water in the country, but 66% of
people could not access safe water and 65% of water
pollution derived from domestic wastewater'®”), Those
wastewaters may highly have contributed to lake and river
water quality and driven the negative impact on the
human; especially floating villager, since they use the lake
water for their daily life activities?®’®]. As a reported



consequence, the numbers and the species of diversity in
water source such as fish, snake, as well as wildlife, were
declined gradually!'*!°. Hundred cases of typhoid and
pediatric bloodstream infections caused by pathogenic
bacteria were determined in the hospital!!!. The mortality
rate of children under five years in Cambodia is high in
Southeast Asia. Cambodia has loss US$448 million per
year for health cost due to poor sanitation!®!?,

Even though many cases of waterborne diseases were
reported, the biological water quality data in the country is
very scarce in the region and people are still exposed to
health risk. Understanding the status of biological water
quality of water source in the country in necessary. Our
study’s aim is to determine the presence and concentration
of Escherichia coli (E. coli), coliforms and uidA gene in
Tonle Sap river, Mekong river and Tonle Sap lake as
affected by anthropogenic pollutants.

2. METHOD
2.1 Water sample

Water sample was taken from a Kampong Loung floating
village, Tonle Sap lake (12.57383, 104.2082) in March
2017 and samples were taken from Tonle Sap river
(11.586765, 104.920232) and Mekong river (11.590092,
104.938058) from March to December 2017 for the
analysis (Fig. 1). A part of samples was used for plating
and other water samples were filtrated through 0.45 pm
mixed cellulose ester membrane (A045A025A,
ADVANTEC). The samples were store in 70% ethanol for
the analysis.

2.2 Culture based method

To count the number of E. coli and coliforms in water
samples, Chromocult® Coliform Agar (Merck KGaA,
Germany) was used. E. coli produces a purple colony,
coliform produces pink colony and other bacteria produce
white colony on the Chromocult plate.

2.3 Gene based method

The membrane after sample filtration in 70% ethanol was
transferred into glass bead (¢ 0.1 mm and ¢ 0.5 mm) tube.
The suspension in ethanol phase was centrifuge at 8,000 g
for 10 min and the pellet was resuspended with 200 pL
pure water. The resuspension was transferred to the glass
bead tube contained the membrane. The further DNA
extraction process was described in the literature!'*), DNA
template was precipitated in isopropanol containing 1 pL
of glycogen at - 20°C for 30 min. After centrifugation at
15,000 g for 15 min, the pellet was washed with 70%
ethanol. After drying, the DNA templates were finally
dissolved with 30 uL. TE buffer and measured their
concentration and purity by spectrophotometer (NanoDrop
2000, Thermo Fisher Scientific). The DNA templates were
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store at - 20°C for further analysis. The oligonucleotides
primer (uidA gene, 162 bp) was constructed following the
reported paper!'*. To identify uidA gene presented in E.
coli, the DNA templates were subjected for PCR
amplification as follows: 95°C for 53 min of initial
denaturation step, 35 amplification cycles (95°C for 30 s
of denaturation, 58°C for 30 s of annealing, and 72°C for
60 s of elongation), and 72°C for 10 min of final extension
step. The PCR products were loaded in gel electrophorese
and the band of target gene were confirmed under UV light.

3. RESULTS

E. coli and coliforms bacteria have been used as indicators
of water quality and fecal contamination in environmental
water. Our analysis in Fig. 2 showed that the concentration
of E. coli and coliforms were found the highest in Tonle
Sap river while the lowest were found in Mekong river.
Coliform concentration is above 10 times higher than E.
coli concentration in Tonle Sap lake and Tonle Sap river.
However, coliform concentration is about 100 times higher
than E. coli in Mekong river.

10° [

mE. coli O Coliform OOthers

104 L

i

Tonle Sap Lake

103

102

10!

Bacteria concentration (CFU/mL)

100

Tonle Sap River Mekong River

Fig.2 Concentration of E. coli and coliforms in Tonle
Sap lake, Tonle Sap river and Mekong river.

By using one of the specific gene (uid4) in E. coli, we
determined its existence in Tonle Sap river and Mekong
river from March to December 2017 (Fig. 3). We detected
uidA gene almost in all samples that were taken from
different month in dry season of Tonle Sap river, except
rainy season from October to November 2017. However,
uidA gene was detected in some of Mekong river samples
in March, April and May 2017. In the samples from
following month in rainy season, uidA gene was not
detected.

Tonle Sap River Mekong river

M 3 4 5 6 7 8 9 10 11 12 P M 3 4 5 6 7 8 9 10 11 12 P
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Fig. 3 Detection of uid4 gene in Tonle Sap river and
Mekong river from March to December 2017. Number
represented the sampling for each month from March
to December, 2017. M: marker, 1: January, 2: February,
3: March, 4: April, 5-May, 6-June, 7-July, 8-August, 9-
September, 10-October, 11: November, 12: December, P
is positive control.

4. DISCUSSION
between  country

status is
development. For understanding the basic biological water

Balancing development  and

environmental necessary for sustainable
quality, detection of indicator of pathogenic bacteria
concentration such as E. coli, coliforms and its gene in
environmental water is important. The presence and the
consistence of E. coli, coliforms and uid4 gene in Tonle
Sap lake, Tonle Sap river and Mekong river illustrated that
the water source was recently or simultaneously polluted
from the fecal wastewater source derived from humans.
However, E. coli and coliforms concentration was lower in
Mekong river than Tonle Sap river and Tonle Sap lake. It’s
reasonable since the water volume of Mekong river is
larger than Tonle Sap river and less contaminated from
capital city. The polluted water may be threatening the
diversity in water source and human health, especially the
floating villagers since they used the lake water for their
daily life activities.

The results investigated in this study was clearly showed
that the river water in Phnom Penh city and also Tonle Sap
lake was continuously contaminated from human waste.
High concentration of E. coli and coliform found in those
water sources may reflect the health and environmental
vulnerability in a developing country such as Cambodia.
Wastewater treatment plant is needed for a speedy
developing city such as Phnom Penh and the development
of an appropriate septic tank is also necessary for floating
villagers.

5. CONCLUSION

High concentration of E. coli and coliform were found in
Tonle Sap river and Tonle Sap lake while their abundance
was low in Mekong river. The uidA gene was also detected
in Tonle Sap river and Mekong river especially in dry
season.
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ABSTRACT

The freshwater ecosystem has been depleted gradually by human activities along the rivers including the
waste disposal, which will contaminate water ecosystem, and uncontrolled widely antibiotic use in
aquacultural purpose. Fecal contamination and the presence of antibiotic-resistant bacteria can cause
serious problems to people living along the lake and rivers. Therefore, this study aims to investigate the
survival of Escherichia coli K12 using dialysis membrane and to detect the antibiotic-resistant bacteria
(ABR) in Tonle Sap River (TSR), Mekong River (MR) and Basac River (BR). The physiochemical and
microbiological characteristics of waters in these 3 sites were analyzed. Moreover, control (E. coli
K12/PBS) and sample (E. coli K12/River water) conditions were placed on the surface of TSR, MR and
BR and the survival of E. coli K12 was observed for 12 days. In addition, six antibiotics including
ampicillin, meropenem, ciprofloxacin, vancomycin, kanamycin and tetracycline were used to detect the
antibiotic-resistant bacteria in these 3 sites. As the result, physiochemical characteristics slightly affect the
survival of E. coli K12 as the turbidity was higher which could block sunlight to get through the waters.
Moreover, it was found that E. coli K12 could survive only 8 days in TSR and they continued to survive
until day 10 and died out in day 12 in MR and BR. The detection of ARB showed that high numbers of
bacteria ranging from 3x10° to 2.31x10* CFU/mL were resistant to all antibiotics used. Among these 3
sites, ARB were detected in high amount in TSR.

1. INTRODUCTION organism that is extensively studied to understand

Despite the fact that Tonle Sap Lake has enormous particular biological phenomena.

significant for Cambodia in term of hydrological system, The spread of antibiotic-resistant bacteria in the

diverse aquatic system, aquatic food source to human,
and also the place where fishes can breed, its water
quality is reported to be declined because of the discharge
of agricultural wastes, urban area wastes and human

(121 For instance, floating villages on Tonle Sap

activities
Lake (TSL) is reported to be a major fecal contamination
to the lake and also to rivers because of poor household

sanitation system.

Escherichia coli is known as fecal indicator organism and
some strains of this specie are pathogenic bacteria
causing serious public health concern. However, the fate
of E. coli in natural environment has not been well
explained when they are released to the water
environment which can lead to the public health
problemsm. And E. coli K12 is well known as model

environment may compromise the ability to treat
microbial infections and has become an increasing
challenge to public health™. In order to complete
microbial risk assessments and develop policies to protect
public health, understanding the fate of fecal indicator in
the lake and river waters, and antibiotic- resistant bacteria
(ARB) are needed.

The objective of this study was therefore to investigate
the survival of E. coli K12 and to detect the
antibiotic-resistant bacteria in Tonle Sap, Mekong and
Basac rivers in Cambodia.

2. METHOD

2.1. Physicochemical and microbiological analysis

The physicochemical and microbiological characteristics
of waters in 3 sites (Fig. 1) were first analyzed during
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rainy season in July 2017. For microbiological analysis,
E. coli, coliforms and other Gram-negative bacteria were
investigated using Chromocult® coliform agar.

Fig. 1 Study sites
2.2. Experiments on survival of E. coli K12

Float-A-Lyzer® G2 was used as a dialysis membrane
with molecular weight cut off (MWCO) from 0.1-1,000
kilo Dalton. The overnight culture of E. coli K12 strain
W3110 was centrifuged at 4000 rpm for 15 minutes and
washed twice with Phosphate Buffer Saline (PBS). Then
the final cells were diluted 10 times with PBS in order to
start field experiment with 10* or 10" CFU/mL There
were 6 experimental conditions as shown in Table 1. The
control was done by adding 1 mL of bacterial suspension
inside the dialysis membrane with 9 mL of PBS while the
outside of membrane, 9 mL of river water was added
with The dialysis
membranes were placed on the surface of waters for 12

ImL of bacterial suspension.
days and 1 ml samples were collected on day 0, 1, 2, 4, 6,
8, 10 and 12 for microbial counts by spread plate
technique and incubated at 37°C for 48h. The numbers of
colonies with salmon to red (coliforms), blue to violet
(E. coli) and white colonies (other Gram-negative
bacteria) were counted and calculated as CFU/mL.

Table 1 Experimental conditions of E. coli K12

Condition | Bacteria Inside | Outside Site
1 E. coli K12 | PBS RW TSR
2 E. coliK12 | RW
3 E. coli K12 | PBS RW MR
4 E. coliK12 | RW
5 E. coli K12 | PBS RW BR
6 E. coliK12 | RW
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2.3. Detection of antibiotic-resistant bacteria

River water samples were also collected from the 3 sites
above. The colonies that could grow on R2A agar plates
containing ampicillin (50 pg/mL), meropenem (5 pg/mL),
kanamycin (50 pg/mL), ciprofloxacin (5 pg/mL),
vancomycin (30 pg/mL) and tetracycline (50 pg/mL)
were ARB. And cycloheximide was added to these plates

in order to inhibit the growth of yeasts and molds.
3. RESULTS

3.1. Physicochemical and biological characteristics of
river waters

The physicochemical and microbiological characteristics
of TSR, MR and BR are shown in Table 2. The turbidity
of these rivers was a bit different between them. In
addition, E. coli were present highest in TSR, 1.27 x 10
CFU/mL, followed by BR, 7.67 x 10 CFU/mL, and MR,
6 x 10 CFU/mL, was the lowest.

Table 2 Physiochemical and biological characteristics of

waters in TSR, MR and BR

Parameter TSR MR BR
pH 5.70 + 0.02 5.87 +0.02 5.90 = 0.01
EC (mS/m) 10.26 + 0.01 10.52 + 0.04 10.58 = 0.02
Turbidity (NTU) 186.60 + 1.25 250.00 = 1.63 267.33 +1.25
TDS (ppm) 67.33 +0.47 69.33 + 0.47 70.67 = 0.47
TP (mg/L) 0.47 = 0.00 0.43 = 0.00 0.54 +0.01
TN (mg/L) 2.50 = 0.01 2.40 = 0.01 2.65 = 0.00
E. coli (CFU/mL) 1.27x10° = 3.09 6x10'+2.45 7.67x10% £ 4.62
Coliforms (CFU/mL) 2.8x10° = 8.83 1.60x10 %+ 9.81 2.47x10° = 1.70
Other bacteria 2.6x10°+11.43 | 3.07x10% = 3.09 1.27x10° = 3.09
(CFU/mL)

3.2. Comparison of the survival of E. coli K12 in TSR,
MR and BR

The survival of E. coli K12 in 3 different sites with two
different conditions (control and sample) is shown in Fig.
2. In day 1 of control condition, the concentration of
E. coli K12 in TSR was higher than that in MR and BR,
while E. coli K12 in BR were the lowest (Fig. 2a).
However, the number of E. coli K12 in TSR became the
lowest while those in MR were the highest in day 2. In
contrast, their numbers were lowest in MR and highest in
TSR similar
concentrations of bacteria in these 3 sites in days 6 and 8.
On the other hand, E. coli K12 in TSR site were not
detected in day 10. In Fig. 2b, the numbers of E. coli K12
in day 0 were not different between these 3 sites. It was
noticed that E. coli K12 in MR were highest in day 1 and

in day 4. Moreover, there were



they were highest in BR in day 2. In day 6, their numbers
were similar among these 3 sites. Despite of this, their
number was high in MR while they were similar in TSR
and BR in day 8. Finally, only there was no E. coli K12
detected in TSR but they still be detected in MR and BR
in day 10. And their number was high in MR than in BR.
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Fig. 2 Survival of E. coli K12 in TSR, MR and BR:
(a) control and (b) sample

3.3. Comparison of antibiotic-resistant bacteria TSR,
MR and BR

The numbers of bacteria resistant to all antibiotics were
found to be high ranging from 3x10° to 2.31x10*
CFU/mL. Among these 3 sites, the bacteria resistant to
ampicillin, meropenem and tetracycline were reported to
be the highest in TSR and lowest in MR. Moreover, the
bacteria resistant to ciprofloxacin, kanamycin and
vancomycin were found to be highest in TSR and lowest
in BR. For the controls which contained only
cycloheximide, the numbers of bacteria were 2.55x10°
CFU/mL, 6.59x10° CFU/mL and 9x10° CFU/ml in TSR,
MR and BR, respectively.

4. DISCUSSION
Comparing to drinking water quality standard by Institute
of Standard of Cambodia (2004), which allowed only

other bacteria to be present in the range of 100 CFU/mL
while Coliforms and E. coli are not allowed to be present,
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0 CFU/mL. It could be interpreted that it would affect to
people who consumed these waters directly without
boiling or any treatment, especially referred to those
people who are living along the rivers.

In our previous study, the survival experiments were
conducted only 6 days. The result showed that E. coli
K12 in TSL lost their presence on day 6 while on that day,
they were still detected for all conditions conducted in
TSR. Therefore, TSR provided better conditions for the
survival of E. coli than TSL. In this recent study, it also
showed that E. coli K12 in TSR could survive until day 8
and E. coli K12 in MR and BR could survive until day 10.
It is suggested that MR and BR provide better conditions
than TSR and TSL. Therefore, the survival of E. coli K12
is not short and their presence can be harmful to people
who use these waters without treatment before drinking.

Among the 3 sites, the bacteria in TSR were resistant to
all antibiotics with the highest concentration. This result
may be because of the multiple usages of antibiotics
along the Tonle Sap River and Tonle Sap Great Lake for
human

aquacultural purpose or left over after

consumption to treat diseases.
5. CONCLUSION

The physicochemical characteristics of waters did not
affect the survival of E. coli K12 in these 3 sites even
though the turbidity was reported to be highest in BR that
could block the sunlight into the water. In TSR, E. coli
K12 could survive for 8 days only but they continued to
survive until day 10 in both MR and BR. In addition, the
bacteria present in these 3 waters were resistant to all
antibiotics used in this study with high concentrations
from 3x10* to 2.31x10* CFU/mL. And the highest
concentration of all antibiotic-resistant bacteria was
found in TSR.
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ABSTRACT

Assessment of seasonal changes in surface water quality is an important aspect for evaluating temporal
variations of river pollution due to natural or resulting from inputs of point and non-point sources. In this
study, the total of 16 surface water quality parameters was collected from 1995 to 2010 at the Kampong
Loung, the Southern part of the largest freshwater source in South East Asia, Tonle Sap Lake by MoWRAM.
Hierarchical agglomerative clustering technic was applied to assess classification of the data. The trend
analysis was done using the Mann-Kandall and Sen's slop estimator based on cluster and monthly average
from 1995 to 2010. The analysis reveals 3 classes were found with the level of (Dlink/Dmax) x100 < 25%.
The significant trend was detected significance for most parameters except CODMN for the monthly
average trend analysis. The positive trend was determined in the first cluster. The test found temperature
has significantly increased which lead to increasing concentration Ca, K, and TOTP. The reason of increase
TSS due to the movement of floating village and busy boat navigation. The study is crucial for
understanding for future sampling as well as supporting a decision on lake management.

1. INTRODUCTION 2. METHOD

Surface water quality is the vulnerable to pollution from
runoff which contributed by nature or human activities [1].
The water quality of water resource is an unending issue.
Conducting the water quality assessment for long-term
water quality is the main challenging problem to research
around the globe. In the last decade, water quality
inspection has rapidly increased to raise awareness for a
better understanding of its temporal corresponding the
future study and evaluation of water quality characteristic.
However, the result has to be interpreted or simplified be
useful to the public [2]. The multivariate statistical method
is widely used to better understanding of water quality
characteristic and its source. The methods are known as
parametric and non-parametric. The parametric method is
more powerful than non-parametric but its required normal
distributed time series data and independent. The method
is used to determine the linearity of the regression using a
t-test to compute the significance level of slope. The
Mann-Kendall's test is the most common method applied
in non-parametric parameters. The increasing and
decreasing can be computed by the test [2-3].

The presente study aimed to classify the sampling
frequency for the future monitoring program in the
Kampong Loung using hierarchical agglomerative cluster
analysis and to assess trend of water quality by monthly
average and trend of water quality in each cluster using
Mann-Kendall Sen's slop test.
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Study Site: The Tonle Sap Lake is located in central part
of Cambodia in Fig 1. It is an integral part of the Mekong
River system. It is the largest permanent freshwater body
in Southeast Asia and an important natural reservoir for the
Mekong River. This phenomenon occurs annually in May—
June. In September—October, when the water level in the
Mekong starts to recede, this stored water starts to drain
back into the lower Mekong and Bassac Rivers Fig.1.
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Fig. 1 Location of Kampong Luong station and its

fluctuation of water level during 1995-2010

Hierarchical Agglomerative Cluster Analysis was used to
group sampling frequency. The monthly average of water
quality parameters from 1995 to 2010 were used.

In order to detect a trend, Mann-Kendall Seasonal Test was



applied on 16 water quality parameters from 1995 to 2010.
The level of the positive or negative trend was found by
means of Sen's slope. The targeted parameters were: water
temperature (TEMP), pH, Total suspended solids (TSS),
conductivity (COND), calcium (Ca+2), magnesium
(Mg+2), sodium, (Na+), potassium (K+), Alkalinity
(ALK), chloride (Cl), sulfate (SO4-2), Nitrates (NO3-2),
Ammoniacal-nitrogen (NH4-N), total phosphates (TOTP),
dissolved oxygen (DO), chemical oxygen demand of
permanganate (CODMn).

3. RESULT AND DISCUSSION

Temporal Cluster Analysis: In cluster 1, the clustering
showing the convenient time by combining the 5 months
together which
corresponding to the lowest season (dry season). Cluster 2
(September to November) and cluster 3 (December,
January, July and August) Fig. 2. With consistent to the

starting from February to June

peak and receding period (water in the lake start to rise to
peak in September to November and start to recede in
December, January, July and August). This suggest that
for water quality assessment, only one time in each the
cluster is adequate enough to represent water quality data
in the study area (i.e. sampling frequencies can be done 3
times a year in Kampong Loung). Among all clusters, most
water quality parameters in cluster 1 found consist of
positive trend while cluster 2 has no trend and a negative
trend found in cluster 3.
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Fig. 2 Dendrogram showing cluster analysis of
sampling frequency

Temporal variability of monthly water quality: To
understand the temporal variability of monthly water
quality, result from analysis was used to group the monthly
water quality. The average monthly water quality was
shown in Table 1. The average monthly water quality
supported the clustering results by showing the similar of
monthly average value of each parameters. From February

to June (cluster group 1, water lever was from 1-2.4 meters.
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Sept to November (cluster group 2). The rising and falling
months (cluster group 3: December, January, July and
August), water level were 3.5 to 5.7 meters. Temporal
variation of water level resulted in the temporal variation
of water quality variables in this area as shown in Table 1.

Table 1 Monthly water quality in Kampong Luong by
cluster analysis.
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Trend analysis: The test was applied on non-parametric
parameters to study the significance of trend at on each
month. The result shows the trend detections on monthly
average Table 2 and by the cluster.

The study reveals that positive trend was detected
significance for COND, K, SO4 with the mean value of
Sen's slope shown in Table 2. Among 16 parameters, SO4
has the most frequent significance trend compare to the
other variable (clearly detected as 66% over the year) and
COND has significance trend 58% over the year. The
increasing of SO4 mainly contributed by SO4 base
fertilizer of agricultural land nearby the station (i.e.
agricultural land increases its area and consumes more
fertilizer). The negative trend was found significance with
the average of Sen's slope -0.006 and -0.015 for May and
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July respectively for NH4-N. The trend also spotted with
CODMN (41% over the year). There is no trend detected
for Temp and TOTP. For the rest of parameters such as pH,
TSS, Ca, Mg, Na, K, Alk, Cl, NO3, and DO, the trend was
detected in less than 25% over the year.

The trend of total suspended solid shows the significance
at all level (0.01, 0.05 and 0.11) in February, September
and August. TSS has a strong correlation with turbidity.

Therefore, the increase of concentration can be clearly
identified. This might cause by the floating village which
moved to the concerned area during the lowest season
(February) lead to high turbidity. Among all clusters, most
water quality parameters in cluster 1 found consist of the
positive trend while cluster 2 has no trend and a negative
trend of CODMn found in cluster 3. The output of trend
study by cluster can be found in Table 1. In cluster 1, the
detected
significantly increase in Ca, K and TOTP concentration in

temperature was increase which leads to
the lake. Because of lower water level in February, March,
April, May and June, the turbidity has significantly
increased.

4. CONCLUSION

This study present temporal analyzing of 16 water quality
variables from 1995 to 2010 in Kampong Loung, Southern
part of Tonle Sap Great Lake. The result from cluster
shows the sampling period can be classified into 3 clusters
corresponding to three sampling frequency. Water quality
sampling can be done in one of the following month,
February, March, June, April, or May for cluster 1. In
cluster 2, the sampling frequency is done either November,
September or October. The third cluster was found and can
be grouped January, December, July and August together.
The Mann-Kendall and Sen's Slope estimator test reveal
both the negative and positive trend. In monthly average,

SO4 was found positively increase 66% over the year
which contributed by the fertilizer consumed in the paddy
field. Moreover, TSS also found a significant increase in
February due to the movement of floating house and busier
boat traffic. The test shows most water quality variables in
cluster 1 such as Temp, TSS, Na, P, Cl, and TP has a
significant positive trend. The concentration of the
parameters is increase due to the increase in water
temperature. The study provides better and understanding
of future sampling. Moreover, it has a positive impact to
support a decision on lake management.
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Table 2 Trend direction and magnitude of monthly water quality in Kampong Luong from 1995-2010

Month |Temp |pH TSS |COND|Ca (Mg |Na |K ALK |C1 SO4 |[NO3 |NH4-N|TOTP |DO CODMN
Jan n.t. nt| nt| 0235 nt| nt| nt n.t. n.t.| n.t.[0.006 n.t. n.t. n.t. n.t. n.t.
Feb n.t. nt.| 236/ 0.190| n.t.| nt| nt n.t. n.t.|0.005| n.t. n.t. n.t. n.t. n.t. n.t.
Mar n.t. n.t.| n.t. nt| nt| nt| nt n.t. nt.| n.t[0.013 n.t. n.t. n.t. n.t. -0.258
Apr n.t. nt| n.t]0.3377/0.012{0.008| n.t. n.t.| 0.012]0.011]0.014| n.t. n.t. n.t.|-0.197 n.t.
May n.t. nt| nt| 0431/0.028] n.t.| n.t n.t. nt| nt| n.t n.t.| -0.006 n.t. n.t. -0.224
Jun n.t. n.t.| n.t n.t. n.t.| n.t n.t. n.t| n.t n.t. n.t. n.t. n.t. n.t. n.t.
Jul n.t. nt.| nt| 0.219/0.020f n.t.]0.009 n.t.| 0.022| n.t.| n.t n.t.| -0.015 n.t. n.t. -0.309
Aug n.t. n.t.|3.874 nt.| nt| nt| nt n.t. n.t.| nt[0.007| n.t n.t. n.t. n.t. n.t.
Sep n.t.[-0.0432.507 nt| nt| nt| nt n.t.[-0.008| n.t.|0.007 n.t. n.t. n.t. n.t. n.t.
Oct n.t. nt.| nt. nt| nt| nt| nt n.t. nt.| n.t[0.01 |-0.003 n.t. n.t. n.t. -0.125
Nov n.t. nt.| nt| 0.129| nt| nt| n.t n.t. n.t.| n.t[0.007 n.t. n.t. n.t. n.t. -0.170
Dec n.t. nt| nt| 0.181| n.t| n.t[0.004]|0.0010 n.t.|0.003(0.009 n.t. n.t. n.t. n.t. n.t.
+ significance at alpha=0.1

< significance at alpha=0.05

k%

significance at alpha=0.01

n.t. no trend
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ABSTRACT
The study focuses on important lakes in the Philippines such as Bunot Lake, Taal Lake, Tikub Lake, Bato

Lake and Buhi Lake. This paper aimed to describe the physical and chemical parameter analyses of five
selected lakes in Southern Luzon, Philippines. Three replicates of water samples were collected
(phosphate and TSS); and others were measured on sites from five lakes (January to March 2017). The
physical parameter included water temperature, pH and turbidity, whereas the chemical parameters
included conductivity, dissolved oxygen (DO), phosphate, ammonia, and total suspended solids (TSS).
These five selected lakes revealed that conductivity, turbidity, TSS, phosphate and ammonia content
exceeds the DENR Administrative Order (DAO 2016-08) range. The results are significantly different
between 0.22+0.00 to 1779.42+59.41 mg/L for conductivity; 8.42+1.00 to 50.23+23.02 NTU for
turbidity; 1+0.00 to 96+76.68 mg/L for TSS; 0.07+0.01 to 1.22+0.03 mg/L for phosphate; and lastly,
0.27+0.04 to 1.47+0.35 mg/L for ammonia. Taal Lake has the largest variation of conductivity, phosphate
and ammonia. Bato Lake has the largest variation of turbidity and TSS. Bunot Lake has the largest
variation of phosphate and ammonia because of anthropogenic activities. The extremely high content of
TSS and turbidity has caused poor and stressful conditions for the aquatic life of lakes. Proper
management, planning and monitoring is required to prevent further damage of the lake ecosystem from

different anthropogenic activities.

1. INTRODUCTION lowest active volcano and the only freshwater sardinella

(Sardinella tawilis) in the world. In Tikub Lake which is

In the Philippines, where there is an increasing number of
located in Tiaong, Quezon, it is still unexplored and it has

polluted aquatic ecosystems |, Researchers and studies

directed to restoring, rehabilitating and managing the potential to be one of the tourist destinations in the

deteriorating water bodies are gradually getting priority. Philippines. Lastly, the Bunot Lake in San Pablo, Laguna

Lakes are very valuable resources that provide people this lake is known for its cultured tilapia and fish pens for

with prime opportunities for recreation, tourism, and
residential living. Lakes are also home for a huge
diversity of flora and fauna in the Philippines.

Through the years, DENR-EMB has proposed water
quality parameters — Dissolved Oxygen (DO), pH, Total
Suspended Solids (TSS), turbidity, conductivity, water
temperature, phosphate and ammonia which are suitable
for temperate regions . Water quality parameters are
based on DAO 2016-08.

The findings of this research illustrate the potential
significance of the lakes in Bicol Region since the
production of this fishes known as Mistichthys luzonensis
or also known as “sinarapan”, the world’s smallest fish
that can be only seen in the Philippines particularly in
Lake Bato and Lake Buhi. In Taal Lake which is situated
in Talisay, Batangas — this is known for the home of the
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Nilotica fingerlings.

Therefore, nowadays the solution of water quality and
recovery of the multiple functions of water system have
become the key issues for environmental biologists. This
study aimed to describe the physical and chemical
parameter analyses of five selected lakes in Southern
Luzon, Philippines.

2. METHOD

Fig 1. Location of the sampling sites in
Southern Luzon, Philippines.

Source: Google map (2018)



Location and Description of the Study Area

Luzon is the largest and most populous island in the
Philippines. It is also ranked 15" largest in the world in
terms of land area. The study was conducted in two
regions of Southern Luzon. First is in Region 4A
(CALABARZON: Cavite, Laguna, Batangas, Rizal and

Quezon), and second is in Region 5 (Bicol Region: Albay,
Camarines Norte, Camarines Sur, Catanduanes, Masbate
and Sorsogon). Every sampling site is divided into four
quadrants.

Sampling Methods

Twelve sampling sites (4 quadrants), 1km from each
other were selected in each sampling location. Water
temperature, DO, conductivity, turbidity, pH, turbidity
and ammonia were measured onsite using a
pre-calibrated Horiba (model: U-10) water quality
checker. The probes were immersed in water and the
parameter readings were noted after measurement

stabilization.

Water samples were also collected for each sampling sites
for the parameters that were not measured onsite. Sterile
bottles were used to contain water samples for the TSS
and Phosphate. These two are brought to Department of
Environment and Natural Resources — Environmental
(DENR-EMB) Region 4-A
Laboratory for the analyses test. Method of analysis for
Phosphate (as Ortho) is Ascorbic Acid Method and for
TSS is Gravimetric Method

3. RESULTS

Management Bureau

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

organic particles. The turbidity values of the five lakes
varied from 8.42+1.00 NTU t050.23+23.02 NTU, which
exceeds the maximum standard of Minnesota Pollution
Control Agency (25 NTU) ™. A significant difference
was found between the Bunot Lake (8.42+1.00 NTU) and
Bato Lake (50.23+£23.02 NTU). pH levels of this study is
within the standard limit of DAO 2016-08.

The water conductivity of the surface water varied from
0.22+0.00 pS/cm to 1779.42459.41 uS/cm. The only lake
which exceeds the maximum limit of US EPA in
conductivity was Taal Lake which has the value of
1779.42 puS/cm. The TSS included silts and clays, which
cause the brownish color of the lake. The lakes in
Southern Luzon ranged from 1£0.00 mg/L to 96+76.68
mg/L, which exceeds the DAO 2016-08 limit for Class C.
The smallest value of TSS at Taal Lake (14+0.00 mg/L)
and the greatest value at Bato Lake (96+76.68 mg/L). The
TSS for the Southern Luzon was significantly different
between Taal and Bato Lake.

Phosphate values range from 0.11+0.30 mg/L to
0.77+0.01 mg/L, which is alarming that exceeds in the
DAO 2016-08 limit for Class B and C for Taal and Bunot
Lake. The DO levels of the lakes varied from 5.48+0.52
mg/L to 7.97£0.21 mg/L which is within the DAO
2016-08 limit. The maximum value of DO was detected
at Buhi Lake (7.97+0.21 mg/L) and the lowest DO value
was detected at Tikub Lake (5.48+0.52 mg/L). The results
for ammonia, exceeds for both Class B and C limit: for
Bunot Lake (1.47+£0.35 mg/L), Taal Lake (1.03+0.39
mg/L), and Bato Lake (0.66+0.16 mg/L) but according to

Table 1. Mean value£SD for the Physical and Chemical Parameters of the Five Selected Lakes along the

Southern Luzon, Philippines.

BFAR (Bureau of

Lakes Fisheries and

Parameters  Units Bunot Taal Tikub Bato Buhi Aquatic Resources)

(Laguna) (Batangas) (Quezon) (Camsur) (Camsur) the values are still
Temperature °C 25.7+£0.13 26.8+0.39 27.240.14  28.65+0.59 26.25+0.33
Turbidity ~ NTU  842:1.00  14.65:0.92  9.50£0.52 5023:23.02% 1626+17.59  Safc for fishes.
pH - 7.65+0.24 8.41+0.86  7.6040.10  8.160.18 8.45:0.15 4. DISCUSSION
Conductivity pS/cm  0.22+0.00  1779.42459.41* 0.24+0.00 340.25+65.83 236.83+101.87  These five lakes
TSS mg/L 7+2.75 1+0.00 1+0.29 96+76.68* 3+0.72 were classified into
Phosphate mg/L  1.22+0.03* 0.77+£0.01* 0.07+0.01 0.2440.13 0.11+0.30 polluted and
DO mg/L 7.434+0.26 6.78+0.46 5.48+0.52 7.51+0.64 7.97+0.21 non-polluted lakes
Ammonia mg/L 1.47+0.35* 1.03+0.39* 0.45+0.21 0.66+0.16* 0.27+0.04 according to their

Notes: * indicates that the lake’s values are significantly different from those of every other lake (0<0.05)

Table 1 summarizes the mean+SD of the physical and
chemical parameters from the five lakes along Southern
Luzon, Philippines. The water temperature of the five
lakes ranged from 25.7+0.13°C to 28.65+0.59°C. All the
data of water temperature are within the standard limit of
DENR. The turbidity is become high also in Bato Lake
(50.23+23.02 NTU) because of the dipersion of
suspended particles. It is caused by fine sediment and

classification, but

after the results it turned out that rapid changes happened
in these lakes. Before Taal Lake was classified at Class B,
but due to certain results that above the maximum levels
of parameters this lake fall into Class C.While Bunot and
Bato Lake exceeds in the results for Class C. Tikub Lake
maintains its Class, one of the non-polluted lake in the
Philippines that has a huge potential of tourist
destination.

The water temperature is the most important ecological
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factor because it controls the physiological behavior and
distribution of organisms ! The highest turbidity value
was observed in Bato Lake (50.234£23.02 NTU) and the
lowest turbidity value was observed in Bunot Lake
(8.42+1.00 NTU). High tubidity can significantly reduce
the good quality of lakes and can harm aquatic organisms
by reducing food supplies, affecting gill functions and
degrading spawning beds, it has been found out that the
lake are turbid this means that there are a lot of
suspended solid particles in the lake (soil from erosion,
particulate matter, unconsumed fish feeds, and some
plankton or microorganisms). The pH is one of the most
important factors and serves as index for pollution. pH
range between 6.5 to 9.0, where the fish grows well and
fast in freshwater ecosystem 6],

The values water conductivity for the lakes is the
following: low conductivity has 0 to 200 puS/cm; it means
an indicator of pristine or background conditions.
Mid-range conductivity is about 200 to 1000 pS/cm
which is normal background for most freshwater.
Conductivity outside this range could indicate that the
water is not suitable for certain species of fish. High
conductivity around 1000 to 10,000 uS/cm is an indicator
of saline conditions . TSS content between 1 and 96
mg/L on the mean values previously indicated the poor
condition of aquatic ecosystems . The high value of
TSS during the season occurred because of the floating
fine silt and detritus that was carried by the rainwater
from the catchment ). Rapid changes and extremely high
TSS wvalues are stressful to fish and other aquatic
organisms.

The low DO value may be because of high organic matter

content. High organic matter limits primary production,

and the senescence of phytoplankton increases microbial
respiration that leads to the depletion of DO ®*'%)
Meanwhile, ammonia (NH;) is the major end product of
protein catabolism excreted by fish and this is due to

decomposed organic matters like unconsumed feeds and

fertilizers, industrial and domestic wastes and
decomposition of phytoplankton.
5. CONCLUSION

Physical and chemical analysis of the lakes in the study
arca demonstrated that the lakes was clean, with the
exception that certain physicochemical parameters (such
as TSS, turbidity, phosphate, ammonia and conductivity)
had increased to extremely high levels that exceed the
standards of DAO 2016-08, US EPA (conductivity) and
Minnesota Pollution Control Agency (turbidity). As a
result of Bunot Lake has the greatest variation in terms of
Phosphate and Ammonia; Taal Lake has the greatest
variation of Conductivity, Phosphate and Ammonia; and
lastly, Bato Lake which has the highest value of Turbidity
and TSS, and also exceeds in Ammonia.
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Therefore, the researchers conclude that Taal Lake
doesn’t meet the criteria for Class B in terms of the
parameters of Phosphate, Ammonia and Conductivity.
Bato Lake is considered polluted for having high results
of Turbidity and TSS of the water lake and ammonia
results also is above the maximum value. Taal Lake and
Bato Lake are both major lakes of the Philippines and
also classified as big lakes, these two played an important
role in the community, proper management and planning
is required to prevent further damages of the lakes. It is
noted that the recovery of the lakes from effects may take
several years depending on the people’s efforts and
concerns as well as earth dynamics.
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Genomic analysis of two odoriferous Streptomyces sp. isolated from
tropical freshwater of Southeast Asia provide an insight into the
identification of potential temperature sensor
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ABSTRACT

Musty odor compounds released have mostly been studied during the warmer season and well documented.
Previous study successfully isolated two odoriferous Streptomyces sp. (S1 and S5) from tropical freshwater
of Southeast Asia. Both isolates showed distinct characteristics against temperature difference (20°C and
30°C). S1 showed clear induction of geosmin at 30°C and none at 20°C contradict with S5 which produced
higher amount of geosmin at 20°C compared to 30°C. In case of temperate isolate, they have thermosensing
device to adapt temperature changes. However, S5 does not work to sense the temperature as it shows less
sensitivity than S1 which lead to our hypothesis that S5 does not have the sensor for temperature stress.
These isolate were then sequenced using Illumina HiSeq4000 and draft genome sequence yielded 7.79 Mb
and 7.20 Mb genome size of S1 and S5, respectively. Since the genome size of S5 is smaller compared to
S1, there might be some regulatory proteins which not available in the genome of S5 is/are available in S1
may be the possible temperature sensor. Here, we provide draft genome sequence analysis of both isolates
which is very important for discovery more about this temperature sensor and to understand how the
mechanisms involve in these isolate.

(204 words)

1. INTRODUCTION did not contain the temperature sensor. Since S5 showed
less sensitivity to temperature compared with S1, maybe

Streptomyces is one of the most promising producer of . :
some of the genes related to temperature sensor in S5 is

secondary
immunosuppressant, extracellular enzymes and terpenoid

metabolites including antibiotics,

missing. We need to see the difference between these two
isolate and find which genes or proteins are available only
in S1 and S5. If we find several genes in S1 but absent in
S5, that genes supposed to be the temperature sensor.
Therefore, draft genome analysis of these isolates were
done in order to identify the missing or adding genomic
content for temperature stress responded protein.

metabolites >4, Geosmin, a terpenoid compound is widely
known for its responsibility towards musty odor issue in
freshwater systems worldwide. This odor issue is mostly
prominent during cyanobacterial blooms in a warmer
month in temperate regions. However, geosmin production
by Streptomyces in tropical Asia has not yet been
elucidated in details. Since tropical Asia is warm and

stable throughout the year, the odor events can be expected 2. METHOD

to occur at any time of the year.

Our previous study investigated the effect of
temperature on musty odor production by Streptomyces
sp.ll. Two isolates (S1 and S5) showed unique features to
sense temperature stress. S1 shows high geosmin
production at 30°C but no detection at 20°C which indicate
that it has a good sense of temperature. But S5 does not
work to sense the temperature as it produced higher
amount of geosmin at 20°C compared to 30°C. S5 may
possess some unique traits that allows it to produce large
amount of geosmin at low temperature which contradicts
with previous research of larger production at high
temperature or in warmer seasons. We postulated that S5

General procedures.

Isolation of bacterial strains, temperature condition
experiment and molecular experimental were discussed in
details in our previous study [,

DNA extraction, library preparation, sequencing, data
preprocessing and assembly.

Bacterial DNA samples were extracted by using EZ-10
Spin Column Bacterial Genomic DNA Miniprep Kit
according to the manufacturer’s protocol. All the standard
bioinformatics data analyses were provided by sequencing
Solution Sdn Bhd).
sequencing was performed using high-throughput Illumina

company (Genome Genome
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HiSeq4000 with a 150bp Paired End (PE) strategy.
Sequencing reads were preprocessed, in order to use for de
novo genome assembly and scaffolding. To predict
putative genes in assembled genomes, an automated web-
based tool RAST was used.

Bioinformatics analysis.

Ten  homologous genes related to  known
germacradienol/geosmin synthase were obtained from
GenBank (Q9X839, ABYS50951, WP 003971162,
WP 012382258, WP _014158016, WP 010983603,
WP 018956438, WP_018515109, WP 014143690, and
WP _012999852). BLAST algorithm was used for
searching the homologous genes. Amino acid sequences
alignment by MAFFT was done for searching the geosmin
synthase conserved motifs in the isolates. To find unique
protein sequences only in S1 (possible temperature sensor),
USEARCH Pl analysis was used. S1 was used as query
sequence and S5 was used as database. Then the sequences
were analyzed using Pfam database to categorize the

protein into several transcriptional regulators.

3. RESULTS

Genome properties

The draft genome of S1 contains 7.79 Mb with GC content
of 72.33%, which containing 5792 protein-coding genes.
As for S5, 7.20 Mb genomic size with 71.96% GC content
and total of 6860 protein-coding genes. The summary of
assembly statistics are shown in Table 1.

Table 1 Summary of the RAST-predicted genes and
RNAs in the assembled genomes of S1 and S5

S1 S5
Genome size 7,791,937 7,203,872
(bp)
Number of
Protein-coding 5,792 6,860
Genes
Number of
RNAs 2 70
GC content (%) 72.33 71.96
N50 33506 8483
Contig number 515 1463

Homology-based search

S1 and S5 shows high sequence similarity to the known
germacradienol/geosmin synthase database with more
than 60% similarity (data not shown). Bacterial terpene
synthase typically displays two highly conserved Mg**
binding motif: aspartate rich motif (DDXXX) and NSE
triad. From the alignment results by MAFFT, N- and C-
terminal of S1 and S5 (only S1 result was shown) shows
significant sequence similarity to germacradienol/geosmin
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synthase to the homologous genes with the repetition of
NSE motif NDLLTSRLHQFE at the N-terminal (Figure 1).

Predicted temperature sensor

Here, we want to identify which amino acid sequences is
available only in S1 but absent in S5 which can be a
candidate for the temperature sensor. From the USEARCH
analysis, we found 5 query sequences that matched and
5787 sequences that not matched with the database (data
not shown). From these 5787 unique protein sequences, we
sequence their  possible
transcriptional regulators (TRs) and separated it into two
groups based on their regulated functions (Table 2). Group

categorized each into

1 comprised of TRs needed for the basic of cell functions
and Group 2 TRs involved in either organism’s metal
homeostasis or in response to stressful situations B1.

Table 2 Transcriptional regulators (TRs) found in the
unique sequences

Gr 1 AraC, AsnC, DeoR, GntR, IcIR, Lacl,
oup LuxR, ROK
Group 2 ArsR, MarR, MerR, TetR, LysR, PadR

4. DISCUSSION
Amino that
germacradienol/geosmin synthase has four Mg?* binding
motif, DDHFL and NDLFSYQRE in N-terminal and
DDYYP and NDLFSYQKE in C-terminal which is

essential for catalysis of geosmin [, Based on the amino

acid alignment shows

acid alignment and conserved domains, we propound that
S1 and S5 can serve as a germacradienol/geosmin synthase
similar to already characterized S. coelicolor A3(2)
SCO6073 and S. avermitilis SAV2163.

Comparison of the draft genome results between both
isolates shows that S5 have smaller genome size compared
to S1. Therefore, lead to our hypothesis that S5 does not
have a good sensor for temperature. We therefore were
intrigued that there might be some genes that supposed to
be involved are absent in S5. USEARCH analysis with the
‘search_exact’” command have been performed on the
amino acid sequences of S1 against of amino acid
sequences of S5. Based on USEARCH results, 5787 amino
acid sequences that have no matched within S5 database
are defined as unique proteins. We managed to get these
temperature sensor candidates. This result is very
important for the screening of temperature sensor before
proceed with the molecular experimental works. Bacteria
that exposed to environmental stress need to adapt and
response in order to survive by modifying their gene
expression. One of the major players in this mechanism is
a protein called transcription factors (TFs) which
responsible for induction and repression of certain genes.
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Fig.1 Amino acid sequence alignment of S1 with its homologs. Shadow boxes indicate Mg?* binding motif of
germacradienol/geosmin synthase, "'*'" indicates exact match, ":" indicates moderate match and "." indicate low
match

So far, there is no evidence on regulatory protein that can
sense the temperature stress which act as a switch in any
To
the
transcriptional regulatory families. Since this is just a

Streptomyces. gain better understanding,

characterized

w¢e

unique sequences into several
preliminary result, we believe that our progress will
uncover a novel temperature sensing mechanism. However,

this presumption needs further investigation.

On the other side, we also interested in looking at the
differences between temperate and tropical Streptomyces.
There is no clear proof evidence between the tropical and
temperate bacterial genome so far. In temperate zone, the
weather range from warm or hot in summer and cold in
winter in which bacteria may need extra genes to keep
them to adapt with the cold temperature. But different from
the tropical zone where the weather is warm year round,
they do not need to keep this gene. Since it is unnecessary
for keeping of the gene, their size is expected to be small.
They supposed to remove all unnecessary functions as
keeping or duplication of the genes, they need to use lots
of energy. Basically, what we are trying to propose is that
the element of sensing temperature is not necessary to be
carrying in the genus of Streptomyces in tropical country.

5. CONCLUSION

Overall, results presented here are still in the preliminary
stage. Genomic analysis and transcriptional regulators
characterization provide better understanding on what is
happening inside. We are now continuously working

deeper into the regulatory mechanism underlying
temperature response which may lead to the discovery of
the new enzyme or pathway for secondary metabolite
production from tropical isolates.
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ABSTRACT

Eutrophication is a major water quality problem in the lakes of lowland of Nepal, causing turbid water with high algal
biomass and offering poor condition loadings of limiting nutrients, such as nitrogen and phosphorus (i.e., cultural
eutrophication), to the aquatic ecosystem with dramatic consequences for drinking water sources, fisheries and
recreational water bodies. To mitigate these problem this study was conducted to assess the status of eutrophication of
Betana Lakes, Rajarani Lakes and Tal Taliya Lakes of Eastern Nepal through remote sensing techniques and comparing
the eutrophication indices derived from field data with remote sensed data. For each lake, two sites were sampled and
two samples were collected for the measurement of Chlorophyll-a (Chl-a), Phaeophytin, Nitrate, Phosphate, and
Ammonia. Chl-a concentration was found to be in the range of 9.6 -38.7 in Betana Lakes, 1.5-38.28 in Raja Rani and
8.9-39.0 in Tal Taliya of lowland Nepal. The remote sensing based Chl-a prediction model was applied where the
Landsat visible bands ranging from blue (OLI 2) to green (OLI 4) and near-infrared band (NIR) (OLI 5) were used and
applied to obtain the relationship between the sub-surface reflectance and the bio-physical parameters. Highest
correlation (R2= 0.9176) was found between in-situ Chl-a concentration and band ratio of the reflectance of Landsat 8
OLI band (B5/B4). Therefore, this band ratio (B5/B4) was considered as the best predictor of Chl-a concentration and
further used for developing the prediction model for the eutrophication mapping of the lakes.

1. INTRODUCTION (Zilioli and Brivio, 1997).

Inland waters are important natural resources around the
world; yet they are threatened by eutrophication due to
climate and anthropogenic changes. Eutrophication is a
major water quality problem worldwide, causing turbid
water with high algal biomass and offering poor
condition to the aquatic ecosystem(Portielje and Van der
Molen, 1999). Eutrophication occurs naturally over
centuries as lakes age and are filled in with
sediments(Odermatt et al., 2012).

Chlorophyll-a (chl-a) is a photosynthetic pigment that is
found in all green floral components including
algae(Wetzel, 2001). However, excessive concentration
of Chlorophyll is undesirable as it inculcates eutrophic
condition of the lake(Hallegraeff, 2003) and results in
increment of phytoplankton standing crop(Boyd and
Tucker, 1998). So, Chlorophyll estimation is regarded as
an indicator of nutrient status of aquatic body and helpful
for monitoring and managing the eutrophic lakes
(Carlson, 1977).

Satellite remote sensing is fast and relatively low
operational cost process and can be used as a tool to
derive spatio-temporal variability in lake water quality
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Landsat imagery has proven to be useful in understanding
global trends in landuse change over different timescales.
Recently, satellite-derived data are being used to monitor
water quality among other things. The 15 m and 30 m
resolution of the Landsat 8 Operational Land Imager
(OLI) combined with high global data availability,
present a unique platform to provide the first and most
up-to-date global inventory of the world's lakes and water
quality information retrieval at high spatial resolution and
positional accuracy using recent Landsat algorithms (Li
and Sheng, 2012; Sheng and Li, 2011; Smith, 2005). This
study is the first time that a remote sensing technique is
being utilized for the measurement of eutrophication and
lake management in Nepal.

Objectives

The main objective of this study is to assess the status of
eutrophication of various lakes using remote sensing
techniques and compare the eutrophication indices
derived from field data with remote sensed data. The
specific objectives are:

e To determine the effectiveness of spectral
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reflectance values from the Landsat-8 OLI in 3. RESULTS
respect to measurement of Chl-a and Trophic

State Index (TSI) in the Betana Lake of Morang Chlorophyll-a (Chl-a)concentrationand various Landsat OLI
district, Tal Talaiya of Sunsari district and bands and band ratios of the study points

Rajarani Lake of Dhankuta District. Band R Band Combinations R

Table 1 Pearson correlation coefficients (R) between

e Compare in-situ Eutrophication index with _Combinations

Remote Sensed Eutrophication index and B2 041 (B3+B5)72 0.32
validate result. B3 0.16 (B2+B5)/2 0.45

_ o B4 0.3 (B4+B3)/2 0.23

e To analyze tl.le seasonality of the eutrophication BS 0.49 (B4+B2)/2 037

at the study sites. B5/B2 -0.54 (B3+B2)/2 0.3

B5/B3 0.009 (B2+B3+B4)/3 0.3

2. METHOD B5/B4 0.9176 (B2+B3+B5)/3 0.36
B4/B3 0.26 (B3+B4+B5)/3 0.31

. L. . . B4/B2 -0.64 (B2+B4+B5)/3 0.31

The Be?tal.la Lake In Mo'rang'Dlstrlc.t, TalTalaiya L?ke. n 071 | (B2+B3+B4+Bs)4 0.35
SunsariDistrict, and Rajarani Lake in Dhankuta District, (B4+B5)/2 0.4 The bold indicates highest
the lowland lakes of Nepal were selected as the study correlation

area to assess the applicability and pilot the application of
remote sensing to measure eutrophication levels in Nepal.

Water sampling procedure for in-situ
Relationship between Chl-a and Landsat 8 OLI

measurement
(B5/B4)
The in-situ sampling was performed on the prefixed date
when Landsat satellite overpasses the Study area. For 30 °
each lake, two sites were sampled and considered as =) 20 P
study points in this study. From each of the sampling E{_’ 10 PRI PR
sites two samples were collected for the measurement of \w/ 0
Chlorophyll-a (Chl-a) as per APHA using the formula; % 1 1.5 2 2.5
=14.03x - 12.875

Chl-a=11.85(0D664) — 1.54(0D647) — 0.08(OD630) Landsat 8 OLI band ratl% (B5B4) 9176
Remote sensing with Google Earth Engine

The Google Earth Engine (GEE), an online Figl Relationship between Chl-a and Landsat 8 OLI band
environmental data monitoring platform in 30 m spatial ratio (B5/BA)

and 15 m multispectral resolution incorporates was used
for studying inland water bodies of the study areas.

Retrieval of Eutrophication Indices from LANDSAT — .
data . 4+

—n

Correlation between OLI brightness values and the water
quality parameter by linear regression analysis @
was used in the study.

[T

------

Fig 2 Eutrophication map of Betana Lake
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Fig 4 Eutrophication map of TaalTalaiya Lake

4. DISCUSSION

The eutrophication levels at the three lakes studied show
that larger water bodies have higher eutrophication levels
along the shore line while smaller water bodies from the
lake clusters in Betana and TaalTalaiya have larger levels
of eutrophication throughout.

5. CONCLUSION

This study was a pilot study to use a remote sensing and
GIS techniques in the estimation of eutrophication levels
at various lakes in the Eastern Nepal. The results of the
prediction model suggest that a similar model is highly
suitable (R2= 0.9176) for applications
requiring large inputs of resources and time for the
mapping. The surface flow is believed to lead to a higher
eutrophication level as it would bring runoff of chemical

otherwise
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fertilizers used in the agricultural fields as well as
accumulated organic matter in the watershed.
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ABSTRACT

The effects of chronic irradiation of aquatic biota in lake ecosystems within the Chernobyl exclusion zone
during 1998-2017 were studied. It is determined that the rate of chromosomal aberrations in the root
meristem tissues of aquatic plants in the most radioactive contaminated lakes on average in 2-3 times, and
in cells of the pond snail embryos in 4-6 times exceeding the spontaneous mutagenesis level, inherent to
aquatic organisms. Analysis of leukograms of fish peripheral blood showed the decrease of lymphocyte
cells, as well as the increase in the number of granulocytic cells (neutrophils and pseudoeosinophils) with
increase of radiation dose rate. Along with changes in leukograms an increased level of morphological
damages of erythrocytes (structural and proliferation abnormalities) was determined, which is generally
for pray fish in 4-12 times and for predatory fish in 7-15 times higher than in fish from reference lakes.
Some morphological changes in gills and axial skeleton of fish were determined as well. Analysis of the
viability of the seed progeny of the common reed from contaminated lakes at germination in the
laboratory showed a reduction in technical germination, germination energy and seed viability with
increase of radiation dose rate. At the same time significantly increased the number of abnormalities of
seed seedlings in view of necrosis of roots, disturbance of gravitropism, damages of organogenesis and
disorder of chlorophyll synthesis were discovered.

1. INTRODUCTION were: radiation dose rate estimation due to external and

The Chernobyl NPP (CNPP) accident is a most scale internal sources of irradiation for different groups and
catastrophe in history of nuclear energy both for the species of hydrobionts; evaluation of dose-dependent

amounts of the radioactive matters thrown out in the cytogenetic, haematologic, morphometric, productional
and parasitological effects due to long-term radiation

exposure on aquatic species.

environment and on the area of contaminated territories.
Currently the radioecological situation in the Chernobyl
exclusion zone (CEZ) is determined primarily by 2. METHODS
long-lived radionuclides *°Sr, '*’Cs, 2*Pu, ?*°Pu, **°Pu
and ' Am. Along with natural decontamination processes
in aquatic ecosystems such as physical decay of

Our studies were carried out during 1998-2017. The
water bodies of research were the flood plain lakes of the
Pripyat River within 10-km area around the destroyed
radionuclides and their hydrological transport outside the unit of the CNPP - Azbuchin Lake, Yanovsky Backwater,
CEZ, there is a change of physical and chemical forms of Dalyokoye Lake, Glubokoye Lake as well as cooling
radioactive substances in soils of catchment areas, their pond of the CNPP. The results of radiobiological analyses
compared to the data received for hydrobionts from the
reference lakes with background levels of radioactive
contamination.

transformation and transition in the mobile and
bioavailable state, and accumulation by hydrobionts. This
is essentially deteriorates the radiation situation in lake
ecosystems, which are some kind of “storage system” of

radioactive substances in the CEZ, and results in increase The concentration of the main dose-forming

of radiation dose to aquatic species that exhibits in a radionuclides was measured by a-, y-spectrometry and

variety of radiation effects at different levels of biological radiochemical methods. The results were measured in

systems. Bg/kg at natural humidity and the mistake of estimated

radionuclide concentration fell within 15-25%. The
Thus the main tasks of our researches within the CEZ
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estimation of the radiation dose rate for aquatic species,
due to external and internal sources of irradiation was
carried with use of ERICA Assessment Tool 1.2.1 [1]. All
dose rate calculations performed on the basis of our own
data.

The chromosomal aberration rate was measured in
embryo cells of the gastropod pond snails by the standard
anaphase method [2] and in the apical root meristems of
the eight species of higher aquatic plants - by the
modified method [3].

Haematological studies of molluscs were carried out in
mantle liquid of the pond snails by the analysis of dead
cells, young amoebocytes and phagocytic cells quantity
[4, 5]. The leukograms and rate of abnormal red cells in
peripheral blood of fish were identified by [6, 7].

3. RESULTS

The highest rate of chromosomal aberration in embryo
tissue of gastropod snail (Limnaea stagnalis) in lakes
within the CEZ was found in snails from Glubokoye
Lake (up to 27%), located within the dammed territory on
the left-bank flood lands of the Pripyat River and
characterized with highest
contamination (Fig. 1). The rate of chromosomal
aberration for snails from the reference lakes was about
1.1-2.0%.

density of radioactive
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Fig. 1 Dynamics of chromosomal aberration rate in the
pond snail (Lymnaea stagnalis) embryos in Glubokoye
Lake during 1998-2016 (red line — spontaneous level
2.0-2.5%)

The rate of chromosomal aberration in the root meristem
tissue of higher aquatic plants from lakes within the
left-bank flood plain of the Pripyat River was in 2-3 times
higher than spontaneous mutagenesis level.

Analysis of leukograms in peripheral blood of fish
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showed the decrease of lymphocyte cells, responsible for
the implementation of immunological reactions, as well
as the increase in the number of granulocytic cells
(neutrophils and pseudoeosinophils), responsible for
phagocytic function and involved in allergic and
autoimmune reactions.

Drawing attention the high rate of red cells aberrations
and abnormalities in peripheral blood of fish from the
stagnant water bodies within the CEZ, where the
absorbed dose rate on the fish organisms due to internal
and external sources of irradiation have reached
70-100 uGy h! that is more on three orders higher in
comparison with water bodies with background level of
radioactive contamination (Fig. 2).
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Fig. 2 Dose-dependent rate of red cells abnormalities in
the peripheral blood of the common roach (Rutilus
rutilus) from the CEZ

Our studies in peripheral blood of fish from lakes within
the CEZ have
abovementioned morphological damages of erythrocytes,
which is generally for pray fish in 4-12 times and for
predatory fish in 7-15 times was higher in comparison
with individuals from the reference water bodies with
background levels of radioactive contamination. The rate
of micronuclei in red cells was very low and did not
exceed 0.3-0.6%o. For the fish from reference water
bodies this type of abnormality are not discovered.

shown an increased level of

The comparative analysis of morphometric parameters of
erythrocytes in peripheral blood of the common rudd
showed that corpuscular volume of fish from the
reference lake characterised by the homogeneous
structure — a high quantity of cells has a similar volume.
As to water bodies with medium (CNPP cooling pond)

and high levels of radioactive contamination (Glubokoye



Lake), we can observe here an increased tendency of
heterogeneity of studied parameters with formation of
so-called “double-humped” curve, which is the most
expressed for fish from Glubokoye Lake and can testify
to the anaemic processes in blood of fish.

During the period of studies we analyzed morphological
parameters and the presence of anomalies of egg capsules
and egg mass of the pond snails: despiralization or weak
spiralization strand with egg capsules; multilane organize
of egg capsules in egg mass; location loose of egg
capsules; twin egg capsules; polyzygosity of egg
capsules; egg capsules without zygotes; zygote outside
the egg mass; egg capsules larger or smaller sizes, as well
as irregular shape.

Analysis of the viability of the seed progeny of the
common reed (Phragmites australis) at germination in
the laboratory showed that in gradient of absorbed dose
rate for parental plants in lakes, there is a reduction in
technical germination from 93 to 60%, germination
energy - from 91 to 30% and seed viability - from 54 to
38%. At the same time significantly increased the number
of abnormalities of seed seedlings: necrosis of roots -
from 1.3 to 14.7%; disturbance of gravitropism - from 2.6
to 17.0%; damages of organogenesis - from 4 to 24% and
disturbance of chlorophyll synthesis - from 0 to 2%.

4. DISCUSSION

During 1998-2017 a tendency to
chromosomal aberration level in molluscs from all lakes
of the exclusion zone was registered. The probabilistic
prediction of the chromosomal aberration rate for
gastropod snails in lakes of the CEZ have shown that
spontaneous mutagenesis level (2.0-2.5 %) can be reach
in Azbuchin Lake and Yanovsky Backwater in 2020-s -
2030-s and in lakes Daloykoye and Glubokoye - in
2060-s - 2070-s.

decrease of

High amount of erythrocytes with structural and
proliferation abnormalities in the peripheral blood of fish
from lakes with high levels of radioactive contamination
allows us to assume that the qualitative indexes of red
cells in blood of fish are more sensitive to chronic
radiation influence in comparison with the elements of
white blood.

A variety of forms of pathological changes in the
structure of blood cells, mainly erythrocytes, may
indicate low resistance of cytogenetic apparatus of fish in
the face of considerable mutagenicity and genotoxicity of
environment. In this situation the ionizing radiation
causes damage to the lipid structures of biological
membranes (e. g. lysosomes) and violation of their barrier
functions that ensure compartmentalization in the cell.
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This leads to disruption of spatial isolation of enzymes to
their substrates and release enzymes to further destruction
of macromolecules and intracellular structures. As a
result, there are changes not only in the cytoskeleton, but
also in functioning of all the organelles in the cell.

5. CONCLUSION

Self-purification of closed water bodies within the CEZ is
an extremely slow process. Therefore, ecosystems of the
majority of lakes, dead channels and backwaters possess
high levels of radionuclide contamination of all

components.

The established dose-related effects in hydrobionts of
lakes within the CEZ indicates a damage of biological
systems at subcellular, cellular, tissue, organ, organism
and population levels as a result of chronic exposure to
low doses of ionizing radiation.

Cumulative radiobiological processes can last for many
generations of aquatic biota allowing currently assume
the possibility of incomplete realization of the long-term
effects of irradiation.

The rate of chromosomal aberrations in cells of aquatic
species in many times exceeds the level of spontaneous
mutagenesis level to aquatic biota. Increased levels of
chromosome damages may be a manifestation of
radiation-induced genetic instability, which is one of the
main mechanisms for the protection of living organisms
subsequent
implementation at higher levels of organization of
biological systems.
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ABSTRACT

Lake Lanao in the Southern Philippines is the second largest lake in the country and considered to be one of the
ancient lakes of the world. It is best known for its endemic cyprinid fishes but there is a scarce information regarding its
trophic status with the use of biological indicators particularly ciliated protozoans. This study was conducted to
determine the abundance of ciliates in Lake Lanao across the littoral and pelagic zones of Ditsaan-Ramain, Marawi City,
Binidayan, Balindong and Taraka and to evaluate the usefulness of ciliates as indicators of trophic status. Water samples
were collected in three replicates using plankton net. The total mean abundance of ciliates in Lake Lanao was 1,071.70
and 1,686.21 (indiv/m’) for the littoral and pelagic zones respectively; however, the difference was not statistically
significantly significant. Both the ciliate mean abundance and the Trophic State Index based on Secchi disk transparency
supported an oligotrophic classification of Lake Lanao. Among the measured physico-chemical parameters, only
temperature was positively correlated to the mean abundance of ciliates whilst conductivity, pH and dissolved oxygen

were negatively correlated.

1. INTRODUCTION

Lake Lanao is the source of power supply in the
Mindanao regions but little is known regarding its trophic
status with the use of ciliated protozoans as biological
indicators. Their abundance increases as the trophic state
of freshwater changes from oligotrophic to mesotrophic or
to eutrophic condition [1]. Moreover, their grazing
activity increases the rate of decomposition and thus their
presence and abundance are good indicators of organic
pollution [2]. Like other indicator organisms in aquatic
environment such as phytoplankton and zooplankton, their
diversity becomes low as pollution increases[3]. Ciliated
protozoans usually inhabit environments which are low in
oxygen concentration. Because of their size that ranges
from 20pum to 2mm, their community structure can be
studied easily [4]. Lewis (1985) [5] was the first to
describe ciliates as part of the protozoan composition of
Lake Lanao. However, to our knowledge, there is neither
published study on the abundance nor the composition
and of ciliated protozoans in Lake Lanao.

This study was conducted to evaluate the
abundance of planktonic ciliated protozoans both in the
littoral and pelagic zones that can be used as bioindicators
of the trophic status of Lake Lanao. Hence, this study
provided baseline information on ciliates in the study
areas that can be very important in studying the ecological
dynamics in freshwater tropical lakes and in giving some
insights on the possible Lake Lanao monitoring campaign
to maintain a good trophic status and conservation of
biological resources.

2. METHOD
Location of the study

This study was conducted in selected areas of Lake
Lanao, along the municipalities of Ditsaan-Ramain,
Binidayan, Balindong and Taraka, and Marawi City,
Lanao del Sur (Fig.1). Ditsaan-Ramain and Marawi City
are situated in the Northern and shallower portion of the
lake; Ditsaan-Ramain site is near the Ramain River, a lake
tributary, while Marawi City is near the lake outlet, the

424

Agus River. Binidayan is the deepest site situated in the
southern part while Balindong is in the western part with
domestic activities. Taraka is an eastern site locally known
as the “basak-area” due to with agricultural activities and
near to Taraka River, another main tributary of the lake.

Sampling strategy Abundance and trophic state index

Collection of water samples were done with the use
of conical plankton net with mesh size of 53 um and
mouth diameter of 0.48895 m. For the littoral zones, the
plankton net was towed obliquely to get an integrated
water sample representing the surface and middle parts of
the water column. For the pelagic zones, the plankton net
was towed vertically at a distance of five meters in each
specific sampling site. Only the planktonic ciliates were
considered in this study. The actual volume of the water
that was sampled was 0.9388 m’. For every concentrated
10mL of water sample, 1mL of 5% formalin and a drop of
acidified Lugol’s solution were added after transferring
the water samples into the plastic sampling bottles.
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Fig. 1 Location of Lake Lanao and sampling sites [27].



Ciliates were counted manually per observation of water
samples for fixed samples using the right-hand rule
method for microscopy. Abundance (indiv/m®) of the
ciliated protozoans was calculated according to Harris et
al., (2000) [6]. Trophic state index (TSI) based on Secchi
disk transparency was calculated according to Carlson
(1977) [7].

Physico-chemical parameters & statistical analysis

Two physical factors, temperature and Secchi depth
and three chemical factors namely pH, dissolved oxygen
(DO) and water conductivity were also measured during
the sampling using portable devices. All statistical tests
utilized Statistical Package for Social Sciences (SPSS),
Version 22 namely Shapiro-Wilk test test for normal
distribution of the ciliates’ mean abundance; Levene’s test
for equality of variances; t-test for comparing mean
abundances; and Pearson test for correlation between
ciliates’ mean abundances and measured physical and
chemical parameters.

3. RESULTS AND DISCUSSION

Abundance of ciliated protozoans

A total of 30 ciliated protozoans observed in this study
with a total mean abundance of 2,728.10 (indiv/m’) (Fig.
2). Vorticella sp.3 obtained the highest abundance (567.11
indiv/m®) while Spirostumum sp. obtained the lowest
count (0.10 indiv/m3). As can be seen in Fig. 3, the mean
abundance of cilaites in the littoral and pelagic zones vary.
Combining all the data of the five sampling sites, the
littoral zone has a total mean abundance of 1,071.70
(indiv./m’) ciliated protozoans while pelagic zone was
higher with the value of 1,686.21 (indiv./m3) but these
values are not significantly different using Mann-Whitney
Test (Asymp. Sig.: 0.507, a = 0.05). Surprisingly, the
abundance of ciliates in pelagic zone of Taraka was
significantly higher than its littoral zone. A similar trend

Spirostumum sp.
Cohnelembus sp.
Trachelius sp.
Opercularia sp.
Unidentified sp.2
Colpedium sp.
Euplotes sp.
Chilodonella sp.
Unidentified sp.1
Unidentified sp.4
Unidentified sp.3
Tokophrya sp.
Podophrya sp.
Paramecium sp.2
Glaucomasp.
Urocentrum sp.
Unidentified sp.2
Paramecium sp.1

Ciliate species

Strombidium sp.
Vorticella sp.4
Opisthonecta sp.
Metacineta sp.
Stentor sp.
Didinium sp.
Vorticella sp.2
Coleps sp.
Tetrahymena sp.
Cothurnia sp.
Vorticella sp. 1

Vorticella sp.3
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Fig. 2 Total mean abundance of ciliated protozoans
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Fig. 4 Measured physico-chemical parameters. A. Mean
temperature; B. Mean conductivity; C. Mean pH; D.
Mean dissolved oxygen (DO)

was also observed in the Marawi sampling site. Based on
ocular observation, the Taraka site has relatively turbid
water both in the littoral and pelagic zones as compared to
other sites. Since the mouth of Taraka river is close to the
sampling site, this might account for the turbidity reaching
the pelagic zone of which ciliated protozoans might be
carried by the water current along with some debris and
organic matters. In the case of Marawi, this could be
attributed to the domestic activities such as bathing and
washing of the inhabitants near the sampling site. In fact
during sampling, direct discharge of soaps and detergents
in the sampling area was observed.

Physico-chemical parameters

The physico-characteristics of the sampling sites are
shown in Fig 4. The temperature of the five sites ranged
from 26.13°C to 28.48°C (Fig 4A) and showed a positive
correlation of 0.244 with ciliate abundance by Pearson test.
This is expected though since temperature increases as the
rate of metabolic reaction increases [7]. For the
conductivity, the different sampling locations have
relatively uniform values of 0.12 — 0.13 mS/cm (Fig. 4B)
having negative correlation (-0.044) with abundance by
Pearson’s. This result is in contrast to the study of Yasindi
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& Taylor (2006), in which conductivity and trophic status
were the most important environmental variables
influencing the distribution of ciliate species in East
African lakes [8]. For pH, the values ranged from 8.32 to
9.17 (Fig. 4C) having a -0.175 Pearson correlation with
ciliate abundance. Lake Lanao is expected to have high
pH based on the study by Beaver and Chrisman (1989) [9]
on subtropical lakes in which abundance and biomass of
total ciliates generally decreased with increased acidity.

For DO, the highest value recorded was 6.6g mg/L
in the littoral zone of Taraka while the lowest was the
pelagic zone of the same site with the value of 5.81
(Fig.4-D). The Pearson correlation analysis on DO and
ciliate abundance revealed a negative (-0.241) value in
which the sampling sites with high abundance had low
levels of DO. Across all sites, the pelagic zone of Taraka
marked the lowest record of DO but it also hit the highest
record of ciliate abundance. This result was consistent
with the study of Dias et al., (2008) [10] in the urban
stream of southeast Brazil in which low DO were
recorded in sampling sites with high ciliates abundance
and these sites were receiving high sewage loads
indicative of organic pollution. Taraka also had a lower
DO and it was corroborated by high ciliate abundance.
This was probably due to the agricultural activity near the
site and its nearness to the lake tributary Taraka River,
which was evidenced by the turbid run-oft waters.

Moreover, Vorticella spp. were accountable for the
alarmingly high abundance of ciliates in the pelagic zone
of Taraka. This result is not surprising since Jorticella
ciliates are strongly related to organic pollution. As early
as 1952 Jorticella spp. were already listed as typical
indicators of organic pollution from moderate to heavily
polluted condition. Higher counts of the same genus were
also observed at littoral zone of Binidayan. Though this
sampling site was deepest part of the Lake but it was
surrounded with households. In addition, in the littoral
zone of Ditsaan-Ramain, high abundance of Vorticella sp.
was also accounted. Ditsaan-Ramain site was shallower
and received waters from one of the main tributaries of
Lake Lanao — the Ramain River. The site was exploited
for fishing and domestic uses. Probably during sampling,
these sites mentioned most likely received higher loads of
domestic waste as indicated by higher abundance of
Vorticella spp.

Trophic State Index (TSI) and Ciliate Abundance
Trophic status of the lake can be indicated in two
ways, namely TSI based on Secchi depths following the
work of Carlson (1977) [7] and the standards set by
Beaver and Crisman (1989) [9] based on ciliate
abundance. Littoral zones of Ditsaan-Ramain and
Balindong had no Secchi depth values because the water
levels were shallow and clear enough to see the Secchi
disk at the bottom. The sampling sites of the pelagic zone
had Secchi depth values of 4.33m — 5.85m (data not
shown). Calculating these values to TSI yielded a range
from 34.51 to 47.83 which are interpreted as oligotrophic
category [12]. This is also confirmed by comparing the
abundance of ciliated protozoans in this study against the
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standards set by Beaver and Crisman (1989) [9], in which
Lake Lanao is considered as ultraoligotrophic, i.e. lake
water in the sampling sites is still pristine.

5. CONCLUSION

Based on the total mean abundance of ciliates and
Secchi depths, Lake Lanao is classified as oligotrophic
lake. Ciliated protozoans in the lake did not significantly
vary in the littoral and pelagic zones during the time of
sampling. Furthermore, for the physico-chemical
parameters, only temperature was positively correlated to
the mean abundance of ciliates whilst conductivity, pH
and dissolved oxygen were negatively correlated. Thus, it
is highly recommended to obtain comprehensive data on
ciliated protozoans and other biological indicators to
generate an overall picture of the dynamics of the
biological community in Lake Lanao ecosystem. Public
policy and ordinance on bio-monitoring and assessment of
Lake Lanao by the concern local government units is also
needed. This is to preserve the Lake Lanao and prevent
any further degradation that is influenced by
anthropogenic activities.
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